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ABSTRACT 

This report documents past releases that have occurred within 
and under the Idaho Nuclear Technology and Engineering Center Fuel 
Reprocessing Complex. During fuel reprocessing operations, some leakage 
of process liquids occurred, allowing contamination to be released to the 
subsurface. The contaminated soils underlying the Fuel Reprocessing 
Complex fall within the scope of Operable Unit 3-13 Group 2 (soils under 
buildings) and are covered under the Final Record of Decision Idaho Nuclear 
Technology and Engineering Center Operable Unit 3-13, which states that the 
selected alternative remedy for Group 2 was deferred action, pending building 
deactivation, decontamination, and decommissioning activities. Information 
about the release source terms is necessary to support the goal to initiate 
deactivation, decontamination, and decommissioning of this building using 
the Comprehensive Environmental Response, Compensation, and Liability 
Act process. This report provides information on the nature and extent of 
contamination sources for use in the development of the non-time-critical 
removal action and engineering evaluation/cost analysis risk assessments. 
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Nature and Extent of Releases at the INTEC Fuel 
Reprocessing Complex 

1. INTRODUCTION 

This report documents past releases that have occurred within and under the Fuel Reprocessing 
Complex (FRC) and the CPP-602 laboratory located at the Idaho Nuclear Technology and Engineering 
Center (INTEC) on the Idaho National Laboratory (INL) Site (Figure 1-1). The FRC is composed of 
three adjoining buildings that were used for reprocessing spent nuclear fuel to recover uranium: (1) Fuel 
Reprocessing Building (CPP-601), (2) Remote Analytical Facility (RAF; CPP-627), and (3) Headend 
Process Plant (HPP; CPP-640). The CPP-602 laboratory was used to support operations at the FRC and is 
located north of and adjacent to CPP-601, sharing a common wall and utilities. For the remainder of this 
report, the CPP-602 laboratory will be considered part of the FRC. During fuel reprocessing operations, 
some leakage of process liquids occurred, allowing contamination to be released to the subsurface. This 
report provides background information on the system associated with the release, a description of the 
release, and previous investigations and cleanup activities performed. Estimates of waste volume 
released, including curie contents associated with the release, also are provided. 

The contaminated soils underlying the FRC fall within the scope of Operable Unit (OU) 3-13 
Group 2 (Soils Under Buildings) and are covered under the Final Record of Decision Idaho Nuclear 
Technology and Engineering Center Operable Unit 3-13 (DOE-ID 1999), which states that the selected 
alternative remedy for Group 2 was deferred action, pending building deactivation, decontamination, 
and decommissioning (DD&D) activities. The post-DD&D remediation goals are to prevent exposure 
to future workers and residents and to minimize possible leaching and transport of contaminants to the 
underlying Snake River Plain Aquifer. The remediation goals will be met by implementing institutional 
controls and either (1) capping the contaminated areas to restrict access and prevent unacceptable 
groundwater risk or (2) excavating contaminated soils that exceed the remediation goals and 
subsequent disposal at the Idaho CERCLA Disposal Facility (ICDF). 

Information about the contaminant-release source terms is necessary to support DD&D of the 
FRC under the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 
process. This report provides the information on the nature and extent of contamination sources for use in 
the development of the non-time-critical removal action and engineering evaluation/cost analysis risk 
assessments. 

This report presents source terms descriptions that include the possible type of waste, an estimate 
of the volume released to the environment, and an estimate of the concentration of certain radionuclides 
(Cs-137, Sr-90, I-129, H-3, and Tc-99). These radionuclides are contaminants of concern for the INTEC 
tank farm, which was the destination for most of the FRC waste streams. For the INTEC tank farm, 
other contaminants such as inorganics (metals) and organics were found to be of little or no risk 
(DOE-ID 1999) compared to the risk associated with the previously identified radionuclides. The 
estimated volume of the releases and associated source terms are in large part based on knowledge of 
the waste stream, not on analytical data that are specific to each release. The estimates presented are 
considered conservative estimates. 
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Figure 1-1. Location of the Fuel Reprocessing Complex within the Idaho Nuclear Technology and 
Engineering Center. 

To understand better the releases that occurred, a good understanding of the FRC and its systems 
is required. Section 2 provides an overview of the structure of the FRC. Section 3 provides the necessary 
information to understand how the fuel was reprocessed and information on the systems and infrastructure 
that supported the reprocessing campaigns. Section 4 includes the detailed descriptions of the releases and 
the estimated source terms. Section 5 summarizes the releases to provide a total source term for the FRC. 
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2. STRUCTURE OF THE FUEL REPROCESSING COMPLEX 

2.1 Building Configurations 

This section provides a general description of the construction and layout of the various FRC 
buildings. 

2.1.1 CPP-601 Fuel Reprocessing Building 

The CPP-601 facility is essentially rectangular (244 × 102 ft) and consists of six levels with the 
primary portion located below ground. The top level is above grade and contains an open area that was 
used for transfer of fuel elements to the process equipment and for chemical storage, makeup, and 
transfer. As illustrated in Figure 2-1, CPP-601 is divided into the following six floor levels, beginning 
with the top level and descending to the bottom level: 

• Process makeup (PM) area floor at elevation 4,927.5 ft (+10.5 ft above grade) 

• Operating floor (PO) at elevation 4,917.0 ft (grade level) 

• Service area floor (PT) at elevation 4,905.3 ft (11.7 ft below grade), which includes the vent 
tunnels (VT, SJ, SK) 

• Access corridor floor (PA) and cell floor at elevation 4,895.0 ft (22 ft below grade) 

• Control room (WA & WF) and cell floor at elevation 4,885.0 ft (32 ft below grade), which 
includes the waste trench and pump pits (WB, WC, WD, WE) 

• Tank vaults (WG & WH) at elevation 4,859.5 ft (57.5 ft below grade). 

The WG/WH tanks (known as the CPP-601 deep tanks) collected waste generated during fuel 
reprocessing from the CPP-601 separation processes. Other sources could send waste to these tanks, 
including the chemistry labs in CPP-602, CPP-627, and CPP-684. These sources entered the system 
through lab drains. Process systems in CPP-627 and CPP-666 also could send waste to the WG/WH 
tanks. CPP-640 had its own waste collection tanks (three 500-gal tanks designated VES-HW-100, 
VES-HW-101, and VES-HW-102) located in tank vaults at the lowest level of the CPP-640 building. 
These tanks sent waste to tanks located in CPP-641 until 1991 when a line was installed allowing 
transfer to CPP-601. 

2.1.2 CPP-602 Laboratory Building 

The CPP-602 laboratory facilities are primarily analytical and developmental facilities for chemical 
and radiochemical analyses for bench-scale development work. The analytical and developmental 
facilities include conventional chemical laboratories as well as radiochemistry laboratories for small 
quantities of radioactive materials. The denitrator process, which converted liquid uranium product 
from CPP-601 to a dry solid for shipment, was located in the CPP-602 basement. 
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Figure 2-1. CPP-601 expanded view showing building levels and internal corridors, cells, and rooms. 
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The CPP-602 laboratory has a rectangular floor plan approximately 150 × 144 ft and extends from 
approximately 14.5 ft below grade to 14.5 ft above grade at the second-floor level. A cement pipe trench 
for the liquid waste headers lies under the basement floor to carry waste from the laboratories. A pair of 
stainless-steel pipe headers transports process equipment waste (PEW) containing chemical and 
radioactive waste to the CPP-601 deep tanks for storage prior to processing through the INTEC 
process equipment waste evaporators (PEWEs). 

2.1.3 CPP-627 Remote Analytical Facility 

CPP-627 is a 13,727-ft2, two-story facility entirely above ground and is adjacent to and attached to 
CPP-601. This facility was constructed in 1955 to house analytical, experimental, and decontamination 
facilities. The building was constructed using reinforced concrete and masonry block, and it is currently 
inactive and undergoing demolition. CPP-627 included the Hot Chemistry Laboratory (HCL), the Old 
Shift Laboratory, the RAF, the Multi-Curie Cell (MCC), the Emission Spectroscopy Laboratory, and 
the Decontamination Development Laboratory. The custom dissolution process was located in the 
HCL and MCC. 

The northern third of the building housed the analytical facilities. The RAF occupied the ground 
floor and consisted of two lines of shielded gloveboxes for remote sample preparation and analysis. 
The Old Shift Laboratory occupied the second floor and provided bench and hood space for chemical 
analyses. Analytical services were provided around the clock to support fuel-processing operations. 

The middle third of the building was originally a high bay decontamination facility, providing 
space for water and chemical cleaning of contaminated equipment. The decontamination facility was 
replaced in 1980 by the decontamination cell at the New Waste Calcining Facility (NWCF). The space 
was converted to house the Emission Spectroscopy Laboratory and Decontamination Development 
Laboratory. The second story provided a fan and filter loft for handling off-gas from radioactively 
contaminated portions of CPP-627. 

The southern third of CPP-627 contained experimental facilities, the HCL and the MCC. The 
HCL consisted of lab benches, hoods, and shielded gloveboxes. The MCC was designed for experiments 
using fully irradiated fuel. Both the HCL and the MCC were used for the Custom Fuel Dissolution 
process. Custom processing ceased in 1982. The entire CPP-627 building was deactivated in 1997. 
Demolition of the building was completed in October 2005. 

2.1.4 CPP-640 Headend Process Plant 

CPP-640, also known as the HPP, contains approximately 15,000 ft2 of floor space and was 
constructed in 1961, with operations beginning in 1963. The facility consists of six shielded cells and 
a waste collection system, as shown in Figure 2-2. Operations included the electrolytic dissolution 
process and the Space Nuclear Propulsion Program (Rover), which were discontinued in 1981 and 1984, 
respectively. The Rover facility provided a headend (fuel dissolution process) system for the reclaiming 
of uranium for both unirradiated and irradiated Rover fuels for the Atomic Energy Commission Rocket 
Program. The electrolytic dissolution process was used specifically for the recovery of uranium from 
fuels with stainless-steel cladding. Cells 2–4 and the shielded mechanical handling cave were used for 
the Rover process, while the electrolytic dissolution process was performed in Cell 5. The aqueous 
solution from both operations was then sent to CPP-601 to extract the highly enriched uranium. 
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Figure 2-2. Schematic of the Fuel Reprocessing Complex and release locations. 
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2.2 General Facility Operating History 

Any description of FRC function and operation and, hence, of CPP-601 function and operation 
is complicated by the fact that the plant was continuously evolving. This section provides a summary of 
major process changes that occurred during the operating lifecycle of CPP-601, the portion of the FRC 
that performed the majority of fuel reprocessing. The information in this section was derived from the 
Process Description and Operating History for the CPP-601/-640/-627 Fuel Reprocessing Complex at 
the Idaho National Engineering and Environmental Laboratory (INEEL 1999). 

The CPP-601, CPP-602, CPP-627, and CPP-640 facilities (which collectively constitute the FRC) 
were used to reprocess or support reprocessing spent nuclear fuel at INTEC, formerly referred to as the 
Idaho Chemical Processing Plant. The CPP-601 facility was constructed in 1953 and included the 
separation process, dissolution processes such as the aluminum fuel dissolution system and the zirconium 
fuel dissolution system, chemical makeup and transfer processes, and liquid waste receiving processes. 
Fuel dissolution processes (also referred to as “headends”) were added or modified as needed to match 
the different types of fuel to be processed. Headends were abandoned when specific types of fuel were 
exhausted or when superseded by improved processes. 

CPP-601 was originally built with three extraction cycles using hexone solvent in P-, Q-, and, 
S-cells. Batch-type fuel dissolvers were located in A-, C-, and D-cells. A system for extracting barium 
(Ba) -140 from “green” fuel, called the radioactive lanthanum recovery process, was installed in L-cell. 
New extraction cycles based on tributylphosphate (TBP)/kerosene solvent were later installed in F-, G-, 
and H-cells. The F-cell system was designed to operate with the submarine thermal reactor/submarine 
intermediate reactor dissolution process in E-cell. The G- and H-cell system was designed to operate with 
the continuous aluminum dissolvers in G-cell. The TBP/kerosene cycles were then used for first-cycle 
extraction. The P- and Q-cells were modified to serve as second and third cycles (hexone). The extraction 
cycle in S-cell was abandoned along with the batch dissolvers. The electrolytic dissolver in CPP-640 
replaced the submarine intermediate reactor dissolver, and the addition of nuclear poison to the submarine 
thermal reactor process allowed it to use the G- and H-cell extraction system. The F-cell extraction 
system and B-cell product collection tanks were then removed. Centrifuges for product clarification 
were installed in F-cell. 

Raffinate collection systems also changed with the extraction cycles. First-cycle raffinates were 
collected in U-cell (from P-cell and radioactive lanthanum recovery process), E-cell (from F-cell), and 
G-cell (from G- and H-cells). Second-cycle raffinates were collected in Y-cell (from Q-cell) and U-cell 
(from P-cell). Third-cycle raffinates were collected in Y-cell (from S-cell and later from Q-cell). Y-cell 
was reconfigured from four pairs of aqueous raffinate collection tubes and four pairs of hexone collection 
tubes to a pair of eight-tube raffinate collection banks. The collection banks in U-cell and Y-cell were 
then connected in series so that the combined second-cycle and third-cycle raffinates could be given two 
independent sample points to ensure criticality safety. The raffinate evaporators in U- and Y-cells were 
abandoned as unnecessary. 

Carbonate wash solutions from the TBP/kerosene cycles were originally routed to the PEW 
system, but were later routed through U- and Y-cells like the second-cycle and third-cycle raffinates. 
Hexone was originally collected in W-cell (from P-cell) and in Y-cell (from Q- and S-cells). Later, all 
hexone collection was combined in W-cell. 

Accountability measurement tanks were installed in M-cell to provide more timely control of 
nuclear materials. One pair of tanks was inserted into the flow of first-cycle product to the N-cell 
intercycle storage banks. The second pair was inserted into the flow of third-cycle product to the Z-cell 
product storage banks. 
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A density monitor tank, S-116, was installed in S-cell to solve part of the criticality safety 
weaknesses in the original uranium salvage system located in J-cell. To alleviate further criticality safety 
weaknesses, a new criticality safety-salvage system was later installed in L- and C-cells. The J-cell was 
then restricted to the recycle of PEW solutions. S-116 was then reconfigured to serve as a decanter to 
prevent TBP from reaching the L- and C-cell salvage system. The original final product was liquid uranyl 
nitrate, which was loaded into bottles in the CPP-602 basement. A fluidized bed denitrator that produced 
granular solid uranium trioxide replaced that system. The denitrator also was located in the CPP-602 
basement. 

The U.S. Department of Energy (DOE) ended nuclear fuel reprocessing at CPP-601 in 1992. The 
facility was no longer needed, making it obsolete for its originally intended mission. The PEW system 
continued to collect and chemically adjust the low-level and intermediate-level radioactive mixed waste 
streams that originated from the various sources in the FRC, from the inactive fluorinel dissolution 
process cell, and from the active laboratories in CPP-602 and CPP-684. The four storage tanks that 
constitute the PEW system in CPP-601 are VES-WG-100, VES-WG-101, VES-WH-100, and 
VES-WH-101. 
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3. FUEL REPROCESSING COMPLEX PROCESS DESCRIPTION 

The INTEC has been in operation since 1954 and was historically a uranium reprocessing facility 
for defense and research projects and a storage facility for spent nuclear fuel. Irradiated nuclear fuels 
were reprocessed to recover unused U-235. The fuels processed at INTEC were highly enriched 
(between 20 and 97% U-235; naturally occurring materials typically have a U-235 concentration <1%). 
The recovery of uranium from spent nuclear fuel was driven by the economic value of uranium 
(approximately four times that of gold), worker safety, and national security issues. This section 
describes the general fuel reprocessing process and the associated handling of waste during the process. 
Leaks that have been identified during the fuel reprocessing are presented in Sections 4 and 5, following 
the FRC process description. 

The uranium dissolution and extraction process at INTEC includes chemical processing equipment, 
located in the Fuel Process Building (CPP-601), associated buildings (the Laboratory/Offices Building 
[CPP-602], the RAF [CPP-627], and the HPP [CPP-640]), and, later, the Fluorinel Dissolution Process 
and Fuel Storage (FAST) Facility (CPP-666). The recovery of uranium from spent nuclear fuel involved 
a variety of dissolution and extraction processes tailored to the specific fuel types being processed. 

In order to recover uranium in an efficient, continuous, and safe manner, the uranium dissolution 
and extraction process was divided into relatively small process cells so that portions of the process 
could be temporarily deactivated and isolated for decontamination and maintenance. The equipment 
used minimized personnel radiation exposure required for routine maintenance on the system. The 
process was designed to allow alternative solution routes around failed or deactivated equipment. 
Redundant equipment was often installed to allow operations to continue during decontamination and 
maintenance operations. Process equipment was chosen for durability, simplicity, and minimum use 
of moving parts and seals. This resulted in the use of steam jets and airlifts, as opposed to the use of 
mechanical pumps in many of the process segments. 

Safety concerns associated with radiation exposure and criticality dictated the maximum allowable 
uranium concentration within a vessel and the geometry of vessels used to handle uranium solutions. 
Radiation safety and uranium criticality were managed through the use of procedural controls that 
governed the transfer and sampling of uranium solutions and through the design of the size, shape, 
and spacing of process units and lines. 

Because highly enriched uranium can be used for nuclear weapons, national security issues 
required an annual inventory of uranium. Therefore, a mass balance of uranium entering and leaving 
the uranium dissolution and extraction process was performed. Following a dissolution and extraction 
campaign, immediate, extensive, and repeated flushing was required to complete the mass balance and 
meet national security requirements. 

Effective and efficient decontamination minimized the potential for radioactivity exposure to 
personnel during hands-on maintenance of the processes. Vessels were selected and designed so that 
they could be completely drained. Piping within the uranium dissolution and extraction process was 
pitched to drain to low points and back to vessels in the process. Valves and pumps used in the process 
were selected with minimum internal volume. In addition, numerous flush lines were installed 
to allow for the decontamination and flushing of process lines. 
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3.1 Uranium Dissolution and Extraction Process 

The dissolution and extraction process at INTEC was designed to recover uranium from spent 
nuclear fuels using an acid dissolution followed by a liquid-liquid extraction of the uranium. The uranium 
was purified through these processes to a solid granular uranium trioxide ready for packaging. Some 
fuels required applied electrical currents or preliminary combustion of graphite in addition to the acid 
dissolution process. The following sections describe the basic steps of the uranium dissolution and 
extraction process as it existed most recently. 

3.1.1 Fuel Dissolution 

Dissolution of spent nuclear fuel at INTEC was performed in several different locations, 
or headends, producing dissolver product solutions from which uranium could be extracted using a 
liquid-liquid extraction process. The dissolution of spent nuclear fuels involved dissolving fuels in 
a highly concentrated acid solution. This dissolution process was facilitated by the addition of various 
soluble catalysts and neutron poisons, which created chemically complex uranium solutions. Headends 
were added or modified as needed to match the different types of fuel to be processed. Headends were 
abandoned when specific types of fuel were exhausted or when superseded by improved processes. 

Custom processing of small lots of specialized fuels was done in the HCL or the MCC in CPP-627. 
The dissolver product from the custom dissolvers was sent to the uranium salvage system located in the 
L-cell of CPP-601 for purification and uranium accountability sampling. From the uranium salvage 
system, the dissolved fuel either was sent to the first-cycle extraction process or was concentrated and 
sent to intercycle storage for second- and third-cycle processing, depending on the chemistry and 
radioactivity of the fuel. 

Zirconium-clad nuclear fuels were dissolved in the fluorinel dissolution process located in 
CPP-666 (not part of the FRC). Advanced naval fuels were dissolved using a modified-batch process 
using hydrofluoric and nitric acids. The acidic dissolver product was transferred to the feed preparation 
process in CPP-601. 

Graphite-clad nuclear fuels from the Space Nuclear Propulsion Program, also known as Rover, 
were processed in CPP-640. The graphite was combusted in a two-step process, and the ash was then 
dissolved in hydrofluoric and nitric acids. Stainless-steel-clad nuclear fuels were dissolved using the 
electrolytic dissolution process located in Cell 5 of CPP-640. This electrolytic process used nitric acid 
and a direct electric current to dissolve the spent fuel. Dissolver product from both the Rover dissolution 
process and the electrolytic dissolution process was transferred to the feed preparation process in 
CPP-601. 

Dissolution of zirconium-clad nuclear fuels also was performed in the E-cell of CPP-601 using 
hydrofluoric acid. Aluminum-clad nuclear fuels were dissolved in the G-cell of CPP-601 using nitric 
acid. These dissolution processes, located in CPP-601, could be operated separately or jointly in a manner 
called coprocessing. Coprocessing reduced waste volume by using the dissolved aluminum cladding to 
complex the fluoride ions in the zirconium dissolver product instead of adding aluminum nitrate as a 
reagent. Dissolver solutions from both systems were transferred to the feed preparation processes in 
CPP-601. 
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3.1.2 Feed Preparation 

From the headend processes, the dissolver product solutions were transferred to the feed 
preparation processes (except custom fuel dissolution solutions) located in the E-, F-, and G-cells of 
CPP-601. Depending on the fuel type, feed preparation consisted of holding the dissolver product at 
an elevated temperature to digest residual solids, centrifugation to remove solids, chemical adjustment, 
complexing, uranium accountability measurement, and storage. Prepared dissolver product solutions 
were then transferred to the first-cycle extraction process located in the G- and H-cells. 

3.1.3 First-Cycle Extraction and Concentration 

The first-cycle extraction process was a liquid-liquid extraction that separated the uranium from 
fission products and cladding salts. The first-cycle extraction process consisted of four pulsed columns 
and an evaporator. Dissolver product from the headends was fed to the first column (extraction column) 
where the aqueous solution was put in contact with the organic extractant (5 to 10% solution of TBP in 
a refined kerosene [n-dodecane, AMSCO, EXXOL, etc.] diluent). 

The uranium-bearing organic solution entered the second column, where a high-salt, low-acid 
solution (scrub solution) was used to remove additional contaminants from the organic phase. This scrub 
solution was recycled back to the extraction column feed. The uranium-bearing organic solution entered 
the third column, where a very dilute nitric acid solution was used to strip the uranium back into the 
aqueous phase. The aqueous uranium solution then entered the fourth column, where it was washed 
with a stream of pure refined kerosene diluent to remove any residual TBP or TBP degradation products 
to protect the product evaporators from a buildup of organic residue. The uranium solution was 
concentrated in the evaporator from between 2 and 5 g U-235 per liter to between 300 and 400 g U-235 
per liter. The concentrated uranium solution was transferred to the M-cell for uranium accountability 
measurement and then to the N-cell for intercycle storage prior to the second- and third-cycle extraction 
process. 

Spent organic and aqueous solutions produced during the first-cycle extraction process were 
collected and treated and could be recycled or discharged as waste. Organic solvent used in the first-cycle 
extraction processes was transferred to the TBP/kerosene solvent treatment processes located in the H-, 
K-, and S-cells. 

3.1.3.1 Tributylphosphate/Kerosene Solvent Treatment and Recycle. The first-cycle 
extraction solvent was treated and recycled in the H-cell by means of three mixer settlers. The first stage 
used strip solution to capture and return any residual uranium to the fourth column feed in the first-cycle 
extraction process. The second stage used a sodium carbonate stream to remove impurities from the 
solvent. This carbonate solution was recycled at a 90% ratio with fresh carbonate. The 10% spent 
carbonate was collected in the U-cell and sampled in both the U- and the Y-cells for uranium 
accountability. If both samples did not exceed uranium limits, the solution was transferred to the Tank 
Farm Facility (TFF); if either sample failed, the solution was recycled through the uranium salvage 
system. The third-stage mixer settler used strip solution to neutralize residual carbonate. The treated 
solvent was collected and recycled back to the first column. 

Wash solvent (pure diluent) from the fourth column of the first-cycle extraction process was 
collected, sampled for uranium accountability, and transferred to the K-cell for treatment. Waste solvent 
was treated in a steam stripper, where residual fission products, transuranic elements, and heavy metals 
were removed. After 1984, the purified solvent was collected and sent to the NWCF Solvent Storage 
System (Voluntary Consent Order System INTEC-081) (INEEL 2002) for storage prior to being used as 
a fuel for the NWCF. Prior to the completion of the NWCF in 1984, the solvent was incinerated in a 
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solvent burner located near the base of the main stack, which has been subsequently removed. At the end 
of a processing campaign, spent first-cycle extractant also could be processed through the K-cell and sent 
to the NWCF for use as fuel. 

3.1.4 Uranium Accountability 

Aqueous solution from the first column in the first cycle was collected as first-cycle raffinate and 
sampled for uranium accountability. If the uranium levels were too high, the raffinate could be recycled 
for uranium recovery. If the uranium level met the specified limits, the raffinate solution was transferred 
to the TFF as high-level waste. 

Concentrated uranium solution from the first-cycle evaporator was transferred to the M-cell for 
uranium accountability measurement and then to the N-cell for intercycle storage prior to the second- 
and third-cycle extraction process. 

3.1.5 Intercycle Storage 

Intercycle storage consisted of six criticality-safe collection banks located in N-cell. The banks 
were used for storage of first-cycle extraction solution prior to the start of the second- and third-cycle 
extraction processes. 

3.1.6 Second-Cycle and Third-Cycle Extraction and Concentration 

When the N-cell intercycle storage was filled, the dissolution and first-cycle extraction processes 
were shut down, and the second- and third-cycle extraction processes were started. The second- and 
third-cycle extraction processes are nearly identical and are located in the P- and Q-cells in CPP-601. The 
processes were operated in series and used liquid-liquid extraction and evaporation to further concentrate 
and purify the uranium solutions. The extraction processes used hexone as the organic solvent and 
followed a similar process to that followed in the first cycle. Each extraction process consisted of two 
columns, the first of which combined the extraction and scrub functions of the first-cycle extraction 
process. The second column was the stripping column. In each cycle, the columns were followed by an 
evaporator to concentrate the uranium solution for most efficient processing. The chemistry of the 
second- and third-cycle extraction processes precluded the need for a wash column. Spent organic 
(hexone) produced in the second- and third-cycle processes was recycled back into the extraction process. 
Spent hexone solutions were transferred to the K-, T-, and W-cells for hexone solvent treatment and 
storage. Aqueous solutions could be recycled back to the process, if they contained recoverable amounts 
of uranium, or discharged as a waste. 

3.1.6.1 Hexone Solvent Treatment/Storage and Recycle. The used hexone from the second- 
and third-cycle extraction processes was collected in the W-cell for recycle. The hexone was fed to a plate 
column still in the K-cell. A countercurrent sodium hydroxide wash stream removed impurities from the 
hexone. The purified hexone vapors were condensed and collected. The T-cell was used to store the 
purified hexone and to feed it to the extraction columns of the second- and third-cycle extraction 
processes. 

3.1.6.2 Raffinate/Carbonate Collection and Sampling. The aqueous raffinates from the first 
column of the second- and third-cycle extraction processes were collected in both the U- and Y-cells for 
uranium accountability and criticality safety. The same tanks were used for collecting and sampling spent 
carbonate solution from first-cycle solvent treatment. If both samples did not exceed uranium limits, the 
solution was transferred to the TFF; if either sample failed, the solution was recycled through the 
uranium salvage system. 
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3.1.7 Uranium Accountability 

The aqueous uranium solutions were transferred from the third-cycle extraction process to the 
M-cell for uranium accountability. After adequate uranium accountability sampling had been performed, 
the uranium solutions were transferred to the Z-cell for final product storage prior to denitration. 

3.1.8 Final Liquid Product Storage 

The final liquid product storage consisted of three criticality-safe storage banks. The banks were 
used for surge capacity for the denitrator process. The uranium solutions were transferred from the 
storage banks to the denitration process for solidification and packaging. 

3.1.9 Denitration 

The heated fluidized bed denitrator, which was operated in the basement (LC area) of CPP-602, 
converted the liquid uranium solution to a solid, granular uranium trioxide. The solid uranium trioxide 
was then packaged and stored as the final product of the uranium dissolution and extraction process. 

3.1.10 Uranium Salvage 

The uranium salvage system was used to recover uranium contained in solutions generated from 
process upsets, leaks in the process cells, and decontamination solutions from process piping and 
equipment. The uranium salvage system also collected the dissolver product from the custom fuel 
dissolution process. Uranium solutions were concentrated and chemically adjusted for return to the 
extraction cycles. If it was suspected that the uranium content of a solution was too low to be recovered, 
the solution could be sampled in the L-cell and again in the C-cell. If both samples showed sufficiently 
low uranium, the solution could be transferred to the PEWE system via the CPP-601 deep tanks. 

The J-cell was used for the rare recycle of solution from the deep tanks. The CPP-601 deep tanks 
were always sampled for uranium accountability prior to discharging the contents to the PEWE system. 
Only when it was determined, based on analytical results, that there were insufficient levels of uranium 
for recovery were solutions discharged to the PEWE system. The J-cell evaporator could be used for 
initial concentration of the recycle solution. This solution would then be transferred to the L-cell by way 
of the S-cell decanter system, which would detect the presence of any first-cycle organic in the solution 
and return it to the first-cycle solvent treatment process. 

3.1.11 Cold Processes and Decontamination Chemical Makeup and Feed (Process 
Makeup Area) 

The PM area is an unpartitioned area on the top floor of CPP-601, which was used to supply feed 
and makeup process chemicals to the extraction systems, the solvent treatment systems, and the dissolvers 
in CPP-601, CPP-627, and CPP-640. The PM area also was used to supply decontamination solutions 
and bulk chemicals (nitric acid and aluminum nitrate) to the process cells in CPP-601, the Waste 
Process Building (CPP-604), CPP-627, CPP-640, and CPP-659. 

A typical decontamination cycle consisted of a strong caustic solution to break down the resistant 
oxide layer, followed by corrosive and chelating agents to remove exposed base metal and contaminants. 
The cycle was completed with a 6 M nitric acid flush to restore the oxide layer. The flushes were 
sampled for radioisotopes to follow the progress of the chemical decontamination. When the amount 
of radioisotopes being removed dropped off, another cycle was begun using a different mix of chemicals. 
The decontamination process could last months, continuing until the activity of the process lines and 
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vessels was sufficiently reduced for personnel access (INEEL 1999). Decontamination solutions used in 
the uranium dissolution and extraction process and typical concentrations are identified below: 

• Water 

• Nitric acid (2 to 6 M) 

• Potassium permanganate in 2 M nitric acid 

• Turco 4521 (commercial product composed of ammonium oxalate, oxalic acid, amorphous 
silica, citric acid, and 2-mercaptobenzothiazole) 

• Turco 4502 (commercial product composed of potassium hydroxide, potassium 
permanganate, potassium chromate, and hexavalent chromium) 

• Oxalic acid in 0.2 M citric acid 

• Sodium hydroxide in 0.15 M tartaric acid 

• Turco 4324 (commercial detergent composed of ammonium bicarbonate, sodium 
hexametaphosphate, octylphenoxypoly [ethyleneoxy]ethanal, noctylphenoxpoly 
[ethyleneoxy]ethanol, and sodium carboxymethyl cellulose) 

• Oxalic acid (1 M) 

• Citric acid (0.5 M) 

• Oxalic acid in 0.5 M nitric acid 

• Ammonium hydroxide (0.5 M) 

• Sodium hydroxide in 0.5 g/L EDTA (0.0017 M) solution 

• Turco ARR (commercial product used for de-scaling that consists of sodium hydroxide, 
kerosene, triethanolamine, diethanolamine, and sodium gluconate) 

• Sodium fluoride 

• Hydrofluoric acid in 2 M nitric acid. 

3.2 Waste Discharges 

All units associated with the uranium dissolution and extraction process had a route (either direct 
or indirect) to one of the INTEC waste systems (CPP-601 deep tanks, CPP-640 waste collection tanks, or 
the TFF). Process liquids, which do not include evaporator overheads, were not discharged to the waste 
system unless samples showed that there was insufficient uranium for recovery. The following sections 
discuss the waste systems associated with the uranium dissolution and extraction process in CPP-601. 
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3.2.1 CPP-601 Process Equipment Waste Collection System (CPP-601 Deep Tanks) 

The CPP-601 PEW collection system collects low-level and intermediate-level liquid waste 
from processes within CPP-601. Liquids are transferred to four 4,500-gal deep tanks (VES-WG-100, 
VES-WG-101, VES-WH-100, and VES-WH-101) located in the WG- and WH-cells in CPP-601. The 
deep tanks received waste from drains and sumps or transfers from processes in CPP-601, CPP-602, 
CPP-627, CPP-640, CPP-666, and CPP-684 RAL. Although most process sources of liquid waste for 
the deep tanks are currently inactive, the deep tanks still have the ability to receive liquid waste from 
the laboratories in CPP-602 (active), CPP-684 (RAL active), CPP-666 Fuel Dissolution Process 
dissolution cell, and water infiltration collected in sumps throughout CPP-601. Solutions collected in 
the deep tanks are normally transferred to the PEWE system. However, the capability exists to transfer 
solutions directly to the tank farm. Rarely, during fuel reprocessing, solutions were recycled from the 
deep tanks back to the uranium dissolution and extraction process for uranium recovery. The deep tanks 
also are configured such that they could also be discharged to the TFF. 

Twenty-two separation units discharged directly to the CPP-601 PEWE collection system either 
on a continuous or routine basis during the operation of the uranium dissolution and extraction process. 
Units that continuously discharged to the CPP-601 PEWE collection system did so as a normal part of 
their operation. These continuously discharging separation units discharged solution to the process, as 
well as the CPP-601 PEWE collection system, and were operated as process units. Other process units 
infrequently discharged to the CPP-601 PEWE collection system during operation. Solutions discharged 
to the CPP-601 PEWE collection system were determined to be a waste only when sampling results 
indicated that the uranium concentration was not sufficient for recovery. Therefore, the solutions were 
not classified as a waste until they were discharged into the CPP-601 PEWE collection system. In 
addition to discharges to the CPP-601 PEWE collection system during operations, decontamination 
solutions also could be directly discharged to the CPP-601 PEWE collection system. 

As originally conceived, there were to be two waste collection systems: a PEW system to 
collect waste generated during processing and a cell floor drain system to collect floor drainage and 
decontamination solutions. The separation proved to be impractical and within a short time (before 
1962) the systems were combined into one PEW collection system. 

The main collection headers were routed through a waste trench beneath CPP-601. The process 
cells, service corridor, waste trench, and tank vaults were constructed with stainless-steel floor liners, 
which extended part way up the walls. The floors were sloped to leak detection sumps, which contained 
transfer jets for returning solution to the vessels. Process cell floors were constructed with drains to the 
old cell floor drain header. In many cases, the drains posed a criticality risk; therefore, those drains were 
capped and replaced with jets from the sumps. During operation, solutions that collected on the floor 
sumps were transferred to uranium salvage. During decontamination and maintenance activities, floor 
sumps and drains transferred solutions to the PEW tanks. 

The original lines connecting the process cells with the collection headers in the waste trench were 
directly buried in the soil under the building without secondary containment. These lines were replaced 
in 1990–1991, with new collection headers routed through the service corridor and vent tunnels. Where 
necessary, floors were graded for drainage and provided with leak-detection sumps and compatible liners. 
The old lines were capped. The lines were originally pitched for gravity drainage and were considered 
empty. These lines were not flushed, as leaks were known to exist in portions of the system. Attempts to 
flush the lines could have introduced additional waste to the soil. The leaks in the piping referenced 
above are discussed in Sections 4 and 5 of this report. 
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4. KNOWN FUEL REPROCESSING COMPLEX SYSTEM LEAKS 

Prior to this report, the only documented release known to have occurred within the FRC system 
was the CPP-80 release that was included in the Comprehensive RI/FS for the Idaho Chemical Processing 
Plant OU 3-13 at the INEEL—Part B, FS Report (Final) (DOE-ID 1997). Further details on the release 
are provided in the following subsections in order that this document presents all known releases and 
associated radiological activity. 

4.1 CPP-80, CPP-601 Vent Tunnel Drain Leak 

The release location is below the South Vent Tunnel drain in CPP-601 and along the route of the 
cast-iron line (4” SK-1075T). The release was believed to have occurred between 1982 and 1989. 

4.1.1 Description of the Release 

On July 20, 1989, it was discovered that the 4-in. SK-1075 cast-iron line that served as a floor 
drain in the CPP-601 South Vent Tunnel had failed (Figures 2-2, 4-1, and 5-1). The 4-in. line penetrated 
the 2-ft-thick concrete vent tunnel floor at 12 ft below ground level (bgl) and was installed down to a 
depth of 34 ft bgl, where the line construction material changed to stainless steel before entering the deep 
PEW tank vault. The failure was attributed to corrosive solutions from the VT-300 vessel off-gas (VOG) 
condenser, which condensed all gaseous vapors from the CPP-601 fuel processing equipment. The 
condensate, containing radioactive and hazardous contaminants, was released to the soil between the 
South Vent Tunnel floor and the point where the cast-iron pipe meets the stainless-steel line. 

4.1.2 Background of System Configuration and Leak 

The VT-300 VOG condenser received and condensed all gaseous vapors from the CPP-601 fuel 
processing equipment, except the active dissolvers, whose off-gas was routed to one of the dissolver 
off-gas (DOG) systems. The condenser removed moisture from the off-gas waste stream before the gas 
was piped to the CPP-604 VOG treatment system for contaminant removal. The processing equipment 
included the denitrator vessel, solvent extraction columns, storage vessels, and exhaust from airlift and 
steam jet operations. The off-gas from these devices originates from vessels that contained all types of 
process solutions, including dissolver product, raffinates, and extraction solvents. 

In the 1982–1983 timeframe, the drain from VT-300 was moved from the High Vacuum Room 
drain line (3” 11641C), which consisted of stainless steel, to the South Vent Tunnel and connected into 
the drain on 4” SK-1075T, which was constructed of cast iron. The reason for moving the line is not 
known, but it is believed to be associated with the FAST lines tie-in at CPP-601 that brought in dissolver 
solutions from the FAST facility for uranium recovery. 

Corrosion and subsequent breaching of the line are believed to have occurred sometime after 1982, 
after the VT-300 condensate was rerouted from its original stainless-steel line to the SK-0175T cast-iron 
line. The release began potentially at that time and continued until 1989 when the failure was discovered 
as a part of a systematic review of plant drain lines. As a part of the leak investigation, water was added to 
the VT-300 condenser loop seal to determine if it would be received in the WG/WH deep tanks. The test 
was inconclusive, and the investigation proceeded to the actual drain in the South Vent Tunnel. Water 
was added directly to the floor drain, but the water failed to enter the deep tanks. The condensate drain 
line was then visually inspected and found to have failed. Sampling of the concrete/debris at the drain 
location was attempted but was unsuccessful. Radiation readings from the drain hole cavity were 1.5 R/hr. 
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Figure 4-1. Cross-section view of CPP-601, from south, with release locations identified. 
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The use of the drain line was discontinued; pipes were capped and the cavity left in the concrete floor 
where the floor drain was located was filled with grout. The drain line from the VT-300 tank was rerouted 
to a service corridor floor drain that drained to the WG/WH deep tanks. 

Further investigation indicated that a drain line from a DOG line intersected the vent tunnel’s floor 
drain at a point deeper underground. When water was added to the DOG line, it reached the WG/WH 
deep tanks, indicating that this line connected to the VT-300 drain line, but at a point below the failed 
section of line. 

4.1.2.1 Waste Source Term. Determining a source term for the CPP-80 (VT-300) leak is 
difficult to estimate. Because sample ports were not installed in the condensate drain line, no samples 
of the VT-300 condensate were collected for analysis, and, apparently, process flow sheets were not 
generated for the system. The waste would be primarily off-gas condensate; thus, sample results from 
condensate samples collected in the CPP-649 off-gas system can provide a basis for determining a waste 
source term. The CPP-601 off-gas system vents into the CPP-649 off-gas system; therefore, at the first 
glance, the samples would represent activities of the condensate that leaked into the soil. However, the 
CPP-649 off-gas system included off-gas from the Waste Calcining Facility, the NWCF, and the tank 
farm. To help determine contaminant levels, various data sets were considered and factored into the 
development of a reasonable source term. A description of how the source term was determined is 
presented in Appendix A. The work resulted in the following estimated radionuclide activities: 

• Cs-137—1.33 × 10-7 Ci/L 

• I-129—1.33 × 10-10 Ci/L 

• Sr-90—1.33 × 10-7 Ci/L 

• H-3—1.33 × 10-6 Ci/L 

• Tc-99—1.33 × 10-9 Ci/L. 
 

Table 4-1. Radionuclides of concern released at the CPP-80 site. 

Radionuclide 

Radioactivity per L (Based on 
Estimated Off-Gas 

Concentrations) 
(Ci/L) 

Radioactivity Released 
Assuming 399,460 L of Waste 

Released (105,540 gal) 

Cs-137 1.33 × 10-7 Ci/L  5.29 × 10-2 Ci 

Sr-90 1.33 × 10-7 Ci/L  5.29 × 10-2 Ci 

H-3 1.33 × 10-6 Ci/L  5.29 × 10-1 Ci 

I-129 1.33 × 10-10 Ci/L  5.29 × 10-5 Ci 

Tc-99 1.33 × 10-9 Ci/L  5.29 × 10-4 Ci 

Total 6.35 × 10-1 Ci 
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4.1.2.2 Waste Volume Leaked. The volume of off-gas condensate released in the soil below 
the floor drain’s failure point is uncertain. Depending on the FRC activity, the amount of condensate 
originating from the VT-300 vessel would vary. During the time the cast-iron drain was used, facility 
operations were producing VT-300 off-gas condensate at flow rates of 1 to 5 L/hr during normal 
operations, depending on the number of plant operations in progress, and up to 150 L/hr during steam 
decontamination activities. Because of the configuration of the drain system and its location, it was not 
possible to measure actual flow rates. Therefore, past estimates used a continuous flow rate of 6 L/hr as 
a reasonable estimate to bound the volume of condensate released. Assuming that the cast-iron line failed 
on January 1, 1982, and continued through July 20, 1989 (7.6 years or 2,774 days or 66,576 hours), the 
total liquid lost would equal 399,460 L or 105,540 gal. It is possible that this number is conservative 
because some of the liquid might have moved through the original pipe path, ending up in the deep tanks. 
However, the assumption will be made that none of the liquid made its way into the WH/WG deep tanks. 

4.1.2.3 Summary. The CPP-80 release was the result of not ensuring material compatibility before 
rerouting the VT-300 off-gas condensate drain line. The acidic condensate water containing radioactive 
fission products was redirected from a stainless-steel line to a cast-iron drain line as a matter of 
convenience. Both drain lines routed the condensate to the WG/WH deep tanks. The cast-iron drain was 
not compatible with the acidic condensate and likely failed soon after it began receiving the fluid. The 
liquid then migrated into the soil beneath the South Vent Tunnel floor. Using an average flow rate of 
6 L/hr for the condensate, a total of 399,456 L might have been released to the soil. 

The condensate did contain moderate concentrations of radionuclides, evidenced by the 1.5-R/hr 
readings around the floor drain. 

4.1.3 Cleanup 

No cleanup activities have been completed for this release because of its location under the South 
Vent Tunnel wall. Immediately after the discovery of the corroded drain line, the condensate drain line 
was rerouted, thereby ending the leakage into the soil. The drain hole through the concrete floor was 
grouted to provide shielding from contamination located beneath the slab. 

4.1.4 Previous Investigations 

No soil samples were collected from the release site to help characterize the release because of 
difficulties in obtaining samples. Radiation readings from the drain hole cavity were measured at 1.5 R/hr 
upon discovery of the leak. Sampling of the VT-300 off-gas condensate was proposed as an action item to 
characterize the condensate after the drain line reroute was completed. However, because of the loop seal 
configuration and radiological exposure concerns, a sample port was never installed. Additional piping 
associated with the drain line was tested and found to be intact. 

4.1.5 Contamination Remaining in Alluvium 

The release occurred at a depth of approximately 15 to 20 ft bgl in the surface alluvium found at 
INTEC. The depth to the basalt/alluvium contact beneath the release is estimated to be 50 ft bgl, leaving 
30 to 35 ft of alluvium for the leak to saturate before entering the basalt. Considering the vertical routing 
of the cast-iron line and because the release occurred between the vent tunnel floor and the point at which 
the line joined the stainless-steel line, it is speculated that the contamination dispersed in a conical pattern 
was limited to the west by the deep tank foundation wall that rests on basalt. 
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4.1.5.1 Extent of Contamination. Assuming that approximately 400,000 L were released 
during the 7.6-year leakage period and the soil was completely saturated and had a porosity of 25%, 
the estimated volume of soil would be 1,600,000 L or 56,000 ft3. This represents a block of soil 
38 × 38 × 38 ft. However, considering that the contamination most likely spread in a downward conical 
shape (disregarding the cement foundation wall to the west) at a 30-degree angle off vertical to a 
depth of 50 ft bgl, the volume of contaminated soil would total approximately 15,000 ft3. This volume 
represents about 27% of the possible contaminated soil volume, suggesting that a large portion of the 
released condensate might have entered the basalt after having passed through saturated alluvium. 

4.1.5.2 Remaining Curies. The radionuclides of concern released totaled 0.635 Ci, as presented 
above. The only removal of source material has been radioactive decay. The majority of contamination is 
from Cs-137 and Sr-90, with half-lives of 30 years and 28.8 years, respectively. Therefore, approximately 
70% of the originally released activity would still be present, approximately 0.445 Ci. 
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5. NEWLY IDENTIFIED HISTORICAL RELEASES 

The newly identified releases are based on personal knowledge of workers who were familiar with 
the FRC systems and had first-hand experience in the reprocessing of spent nuclear fuel. Each release is 
discussed in further detail below. 

5.1 CPP-117, CPP-602 Waste Collection System 

5.1.1 Description of Release 

The contamination associated with the CPP-602 waste collection system was the result of liquid 
leaks falling onto the CPP-602 basement floor (pipe leakage, careless cleaning, fire sprinkler water, and 
rainwater infiltration into the building) or any releases that would have been associated with the CPP-602 
laboratory PEW collection piping, feeding into the CPP-602 waste trench. The effects of the releases 
were discovered in 1989, some time after the releases occurred. 

5.1.1.1 Background of System Configuration and Leak. The LC-107 sump is located at 
the south end of the CPP-602 waste trench, and its south wall is the common wall between CPP-602 
and CPP-601. The sump has a cross section of 3.0 × 5.0 ft. The depth of the sump floor at the time of 
construction was even with the CPP-601 waste trench, approximately 39 ft bgl. The sump was 
constructed using nonwatertight cold joints at the CPP-601 wall and at the bottom. The sump was tied to 
the CPP-602 waste trench, which directed any liquid leaks from the PEW collection piping into the sump 
at approximately 22 ft bgl, giving a sump depth of approximately 17 ft. The CPP-602 basement floor, 
located 14 ft bgl, also drains any liquids released onto the basement floor into the sump. Liquids that 
accumulated in the sump were not routinely managed and were allowed to drain into the soil beneath 
the sump floor. 

The CPP-602 waste trench originally housed two stainless-steel collection headers that collected 
PEW from various laboratory drains. One of the headers collected waste from a stainless-steel laboratory 
drain system. The lab hood sink drains were typically plumbed with stainless steel, compatible with the 
expected waste generated in the laboratories. The second header collected laboratory waste originating 
from two cast-iron floor drains and five cast-iron bench sink drains. The cast-iron drain system was 
shaped in a “Tee” configuration with the drains connecting to two branch headers, which were connected 
to a single line leading to the CPP-602 waste trench header. The drain line systems were buried in the soil 
below the CPP-602 basement floor, exited the soil through the waste trench cement wall into the CPP-602 
waste trench, and connected to the collection headers (Figures 2-2, 4-1, and 5-1). At some point, one of 
the stainless-steel headers was taken out of service, and all the floor drains were rerouted to the other 
stainless-steel header. Generally, hot waste was disposed of through the stainless-steel drains located 
in sinks within the sample hoods and experiment areas. Occasional floor spills were most likely washed 
down the floor drains and bench sinks, causing the cast-iron piping to corrode because of the acidic 
nature of the laboratory solutions. 

The release was discovered in 1989 and was based on two facts. First, the concrete bottom of the 
sump had deteriorated to the point of having a consistency of damp sand. Second, the main CPP-602 
waste trench contained an etched “high-water” line, approximately 1/16 in. deep that extended more than 
half the length of the trench. The deterioration of the sump bottom and concrete etching were due to the 
acidic nature of one or more of the releases that accumulated in the sump/trench drain system. An 
investigation conducted after the leak discovery found no records or personnel memories of any large 
volume releases. The timeframe for the releases is any time between 1953 and 1989. 
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Figure 5-1. Cross-section of CPP-601; top is from middle facing east, bottom is from middle facing west. Release locations are identified. 
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At the time of the leak investigation, the loop seal in the PEW collection header had a small 
leak. The piping configuration showed that the loop seal had been replaced at least once previously. 
In addition, stains near the entry of the cast-iron drain line into the waste trench indicated leakage had 
occurred from the cast-iron floor drains. Any leakage ended up in the trench and eventually in the 
sump if sufficient volumes of liquid were present to mobilize the leakage. 

It should be noted that the CPP-602 waste trench sump was previously designated CPP-86. Soil 
samples collected beneath the sump floor were found to contain detectable concentrations of metals but 
below regulatory action levels. Samples for radiological analyses were not collected. While the CPP-86 
site originally focused on the LC-107 sump, the CPP-117 site encompassed the entire CPP-602 waste 
trench and the buried lines that feed into it. In addition, the description of the CPP-602 waste trench 
system in this section is more accurate and detailed than the system description provided in the CPP-86 
Track 1 investigation document. 

5.1.1.2 Waste Source Term. The source of contamination that entered the CPP-602 waste trench 
and LC-107 sump originated from the CPP-602 laboratories. The laboratories generated PEW that was 
routed through the WG/WH deep tanks. During active laboratory operation, it was estimated that 80% 
of the sample material generated during testing was recycled back to process uranium recovery. The 
remaining 20% was discharged into the PEW collection piping. This practice helped minimize the 
amount of waste generated and reduced the possibility of waste going critical because of increased 
uranium concentrations (EDF-4366). 

The waste was acidic (pH around 0), metal-bearing, and contained typical fission products. 
Because there were documented small leaks and indications of past leakage of piping in the waste 
trench, it is reasonable to assume that some of the liquids that collected in the sump had radiological and 
chemical constituents, including constituents associated with laboratory operations. Radiation readings 
along the CPP-602 waste trench were relatively low, with readings of 10 mR/hour or less and sump 
readings of 20 mR/hr or less. These readings support the hypothesis that only minor amounts of 
laboratory waste were released and that the liquids released had low levels of radioactive constituents. 
Because laboratory waste solutions sent to the PEW collection system were over time, likely highly 
variable in terms of radioactivity levels, a typical PEW tank composition was selected from Table 1, 
“Chemical Composition of PEW Evaporator Feed Solutions and Evaporator Bottoms,” in Appendix B 
to represent the waste source term. The typical PEW had the following activities: 

• Cs-137—100 μCi/L 

• Sr-90—100 μCi/L 

• H-3—1.0 μCi/L 

• I-129—1.6 × 10-3 μCi/L 

• Tc-99—1.36 × 10-2 μCi/L. 

There were no analytical results for Tc-99. To establish a Tc-99 activity, the Cs-137-to-Tc-99 
ratio in a 5-year-old, zirconium-clad fuel was used based on an ORIGIN2 (Croff 1980) model simulation. 
The ratio is based on the original distribution of fission products created during fuel rod usage. The 
amount of Tc-99 created is proportional to the Cs-137 activity. If a Cs-137 activity and fuel rod age 
are known, a corresponding Tc-99 activity can be determined. The assumption made in this case is that 
the Cs-137/Tc-99 ratio holds for various waste streams that have not undergone thermal treatments. 
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The waste source term selected for the leaks in the cast-iron floor drain system should represent 
what was most likely washed down the drain system. This drain system likely did not receive 
contaminated solutions unless samples were inadvertently spilled or dropped on the floor, requiring 
decontamination action. To establish a reasonable source term, it can be assumed that samples 
dropped or spilled on the floor consisted of a typical laboratory PEW. 

5.1.1.3 Waste Volume Released. Two distinct leak mechanisms exist with the CPP-117 leak 
site releasing contamination to the subsurface. The first is the known leaking loop seal on the PEW waste 
trench header. The second is the possible corrosion of the cast-iron laboratory floor drain system where 
wash solutions might have been lost to the soil as a result of drainpipe failure. The evidence of the second 
release mechanism is indirect. Staining where the cast-iron pipe penetrated the trench wall indicated that 
liquid from some source was draining back into the trench. In addition, the underground cast-iron lines 
were replaced for unknown reasons other than Resource Conservation and Recovery Act (RCRA) 
compliance (42 USC § 6901 et seq.). The most likely remaining reason is that one or more of the lines 
had failed. The volume of waste lost to the subsurface for either leak mechanism is uncertain. 

A volume of liquid that once filled the trench/sump system can be calculated using the geometry 
of the LC-107 vault and the CPP-602 waste trench knowing the height of the liquid based on the etched 
concrete. The sump and waste trench geometry produced a volume of 570 ft3 (3,920 gal) using a sump 
geometry of 3 × 5 × 17 ft and trench geometry of 5 × 1.5 × 72 ft. This volume of water was not likely 
from a failed PEW collection system, as the CPP-602 laboratories did not produce that volume of waste 
in a relatively short time. Based on personnel interviews, this volume of water was probably the result 
of a fire line leak within the CPP-602 building that released clean water or an overflow of service waste 
from the adjacent LC-104 sump. No line-break records were found, suggesting that a fire line leak might 
have occurred over a longer period of time before repairs were completed. Overflow of service waste 
required the failure of redundant pumps, but such failures have historically occurred, creating a condition 
where service waste could accumulate in sufficient quantities to spill over into the adjacent sump. 
Contamination from small leaks of acidic waste from the PEW collection system within CPP-602 
undoubtedly mixed with the water, lowering the pH of the standing water, causing etching of the 
unlined waste trench walls. 

Assuming that the PEW loop seal dripped continuously for a period of 5 years at a rate of 
1 mL/minute, the total volume released would equal 2,630 L or nearly 700 gal. The volume of waste 
released through the corroded floor drains is more problematic. Assuming that a 1-L sample is spilled or 
dropped in each individual lab per month over a period of 35 years and six active basement labs using the 
cast-iron drain system, a total of 6 L of laboratory waste would be lost down the cast-iron drain system 
per month or 72 L of waste per year. Over a period of 35 years, a total volume would be 2,520 L or 
666 gal of actual PEW. Further assuming that any spills would be decontaminated, the addition of 
clean water would increase the waste volume by 10 to 20 times but would not add significantly 
more contamination. 

5.1.1.4 Summary. The leakage associated with the CPP-117, CPP-602 laboratory PEW drain 
system consists of two components. The first is leakage of the PEW header loop seal where dripping 
of laboratory PEW was observed in the CPP-602 waste trench. The second source of leakage was the 
corrosion and failure of the cast-iron laboratory floor drain system, which allowed laboratory waste 
spilled on the floor to be washed down the drains and into the soil after any of the drain lines corroded 
and failed. Evidence that a large volume of liquid (over 4,000 gal) accumulated in the LC-107 sump and 
CPP-602 waste trench exists, but low radiation levels throughout the trench and sump suggest that the 
source of liquid for this release was clean. It is not certain how the water left the trench. Review of 
records and personnel interviews did not indicate that the released liquid was pumped from the sump. 
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Therefore, it was conservatively assumed that the liquid drained through the cold joints of the LC-107 
sump. 

An assumed total of 1,366 gal of PEW was released having a typical PEW profile. Based on what 
is currently known about the release, this volume is reasonably conservative to bound this release in terms 
of total curies. 

Using the volume released and the activity levels for typical PEW provides a reasonable estimate 
of radionuclides released to the subsurface. These values are presented in Table 5-1. 

5.1.2 Cleanup 

No cleanup activities have been completed for these two releases because of their location under 
the CPP-602 laboratory building. To mitigate the problem of the corroded cast-iron floor drain system, 
the old drain system was replaced with direct-buried, stainless-steel lines in the mid-1980s. These new 
lines were abandoned in place and replaced with Hazardous Waste Management Act (HWMA) 
-compliant lines in 1991 (HWMA 1983). 

5.1.3 Previous Investigations 

No major investigative work has been completed on the CPP-602 waste trench/sump system. 
Inspection of the sump determined that the former concrete floor had deteriorated to a consistency of 
damp sand, and radiation levels were relatively low (<10 to 20 mR/hr). No samples were collected for 
analysis. 

5.1.4 Contamination Remaining in the Alluvium 

The amount of liquid likely moving the contamination into the alluvium in the vicinity of the 
cast-iron floor drain system is assumed to total around 7,370 gal (670 gal of liquid waste and 6,700 gal 
clean wash water). Assuming that approximately 7,370 gal of contaminated water was released and the 
soil was completely saturated and has a porosity of 25%, the estimated volume of soil impacted would 
equal 3,940 ft3. This represents a block of soil 15.8 × 15.8 × 15.8 ft. 

Table 5-1. Radionuclides of concern released at the CPP-117 site. 

Radionuclide 

Radioactivity per L 
(Based on Typical Process 

Equipment 
Waste Concentrations) 

(μCi/L) 

Radioactivity Released 
Assuming 5,170 L of Waste 

Released 
(1,366 gal) 

Cs-137 100 0.517 Ci 
Sr-90 100 0.517 Ci 
H-3 1.0 5.17 × 10-3 Ci 
I-129 1.60 × 10-3 8.27 × 10-6 Ci 
Tc-99 1.36 × 10-2 a 7.03 × 10-5 Ci 

Total 1.039 Ci 
    

a. Activity is based on the Cs-137-to-Tc-99 ratio for 5-year-old fuel using the ORIGEN2 (Croff 1980) computer simulation 
results for the radionuclide products and decay of a nuclear fuel. 
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The amount of liquid passing through the floor of the LC-107 sump was approximately 4,700 gal 
(700 gal of laboratory waste and 4,000 gal of clean fire system water). Assuming that approximately 
4,700 gal of contaminated water were released and the soil was completely saturated and has a porosity 
of 25%, the estimated volume of soil impacted would equal 2,510 ft3. This represents a block of soil 
13.6 × 13.6 × 13.6 ft. 

5.1.4.1 Extent of Contamination. The CPP-602 laboratory cast-iron floor drain system’s leakage 
likely is spread along approximately 70 ft of piping, acting as a line source. Assuming equal distribution 
along the line and a 30-degree angle (off vertical) of lateral spread, the zone of contamination would be 
contained in the alluvium to a depth of 10 ft below the drain line, approximately 32 ft bgl. 

The LC-sump leakage would act as a point source, creating a conical-shaped contaminated soil 
body below the point of release at 42 ft bgl. Because the depth to basalt is approximately 52 ft bgl, 
roughly one-third of the liquid would be retained in the alluvium while the remainder would pass into 
the basalt. 

5.1.4.2 Remaining Curies. The number of curies released at the CPP-117 release site totals 
slightly more than 1.39 Ci, with Cs-137 and Sr-90 making up most of the activity. 

5.1.5 Uncertainties/Data Gaps 

The uncertainty associated with the two CPP-117 releases lies with the volumes released and the 
activity of the waste. The actual volumes released are not known and cannot be calculated using process 
knowledge. The activity levels of the waste generated in the laboratories likely fluctuated on a daily basis. 
The use of the PEW typical radioactivity levels for the radionuclides of concern appears to be a 
reasonable approximation. If release volumes were an order of magnitude higher, the corresponding 
radioactivity released would be 10.4 Ci, a relatively small amount in comparison to other releases at 
INTEC. 

5.2 CPP-118, WG/WH Vaults’ Ventilation Outlet Ducts 

The CPP-118 site (see Figures 2-2, 4-1, and 5-2) is located at the south end of the CPP-601 
building, near the building centerline, and located near the bottom of the PEW tank vaults (53 ft bgl, 
63 ft below the level of the access ramp). The material there is fractured basalt and compacted fill. 

5.2.1 Description of Release 

The CPP-118 site was contaminated at some time during the early 1980s, when the PEW tank 
vaults were twice flooded with solution to a sufficient depth to allow the liquid to enter the unlined 
concrete ventilation ducts serving the tank vaults. These ducts have a rectangular internal cross section 
of 12 × 15 in. and entered the vaults through an 8- × 12-in. grating located 12 in. above the top of the 
sump. Some amount of liquid probably entered the soil, because the ducts, which are cast onto the outside 
of the south wall of the tank vaults with cold concrete joins, were not designed to contain liquid. At the 
time of the flooding incidents, the possibility of leakage from the ventilation ducts was not recognized. 

5.2.1.1 Background of System Configuration and Leak. The INTEC PEW system collects 
low- and intermediate-level waste from numerous sources for transfer to the PEWE system in CPP-604. 
The PEW collection system was described in Section 3.2. The sources of this release and chemical 
constituents are not precisely known but were materials that normally would have been routed to the 
WG/WH deep tanks. At least four sources of leakage are known. 
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Figure 5-2. Cross-section of CPP-601 looking north, with release locations identified. 
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The first, long-term flooding of the vaults, had at least three sources. One was failure of the WH 
tank man-way gaskets that allowed collected PEW solution to leak out of tanks when they were filled to 
near capacity. The second was leakage at one of the selection valves located in the main PEW collection 
headers in the CPP-601 waste trench. The third source was weld failure in the PEW lines from some cell 
floor drains, primarily G-cell, at their junction with the headers in the waste trench. The waste trench has 
a stainless-steel liner that directs leakage to a sump located at the low point in the south end of the trench. 
The waste collection headers pass through the concrete walls of the tank vaults via 8-in., stainless-steel 
sleeves located just (<1/2 in.) above the floor liner of the waste trench. 

Leakage from the sources in the waste trench was not detected early as a result of an improper set 
point for the waste trench sump alarm. The waste trench sump, SU-WT-101, was later found to be only 
10 in. deep compared to the 15- to 18-in. depth of the usual cell and vault sumps. The sump alarm was 
set to the same value as a standard sump, but liquid filling the sump was not capable of reaching the 
alarm set point. The sump overfilled without triggering an alarm, and the rest of the solution then passed 
onto the WG/WH tank vaults through the openings around the PEW collection headers. 

The vault flood was not recognized for several months, because the vault sump-level readings 
were erroneously attributed to instrument problems. The operators assumed that they were dealing with 
a normal small leak, in which case the sump steam jet would quickly empty the 1-gal sump. When the 
sump level did not drop, they assumed that either the instrument was wrong or the jet was plugged. It was 
usually not possible to see the small addition of the sump contents to the large tank volume, unless the jet 
was operated for a long time with a significant volume of liquid on the vault floor. That is what eventually 
led to the discovery of the flooded vaults. 

The second incident involved fire water, when a failed fire water line in CPP-627 flooded the PEW 
tanks via open floor drains. The tanks overfilled and released a mixture of water and PEW solution that 
was already in the tanks to the vault floors. This solution was returned to the tanks via the sump jets as 
soon as the broken line was isolated and enough tank space could be made available by transfer to the 
PEWE system. The PEW solution (acidic [pH<0]), aqueous waste with RCRA metals, listed waste codes, 
and average to low activities of fission products were derived from process streams and decontamination 
activities. This flooding incident was of short duration (a few days). 

The leakage from the floor drain piping in the waste trench might have been an ongoing problem 
since the 1960s that was not discovered until 1989. The man-way gasket leakage was first noticed in the 
early 1980s and was repaired along with the leaking valve in 1985. The high-volume leak at the valve 
that resulted in the vault flood occurred during 1983–1984, as did the fire water flood. Solutions were in 
contact with vent ducting for 3 to 4 months or more. 

5.2.1.2 Waste Source Term. There are no analytical data for the solution that might have leaked 
from the ventilation ducts at the CPP-118 site. However, the activity in the waste can be estimated from 
the historical analyses of typical PEW solutions of the time (EDF-5441). Using the average contamination 
activities for the PEW from samples collected from the deep tanks in the early 1980s, a reasonable 
estimate of activity released can be determined. The estimate will be conservative for the second flooding 
incident because of the approximately 10 to 1 dilution of the waste with water. The typical PEW had 
the following activities: 

• Cs-137—100 μCi/L 

• Sr-90—100 μCi/L 

• H-3—1.0 μCi/L 
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• I-129—1.6 × 10-3 μCi/L 

• Tc-99—1.36 × 10-2 μCi/L. 

5.2.1.3 Waste Volume Leaked to Soil. There was no attempt to keep a mass balance on the vault 
solution. Changes in the solution levels in the vault did not show signs of gross leakage, and no reports 
of leakage were filed. The following is an attempt to bound the amount of leakage that might have been 
missed by false attribution to evaporation. Liquid on process cell floors has shown that ~1/4 in./day of 
liquid is lost to evaporation to the cell ventilation air. The vault floor area is 15 × 80 ft (1,200 ft2); 
therefore, the daily evaporation loss could amount to 25 ft3 (188 gal or 713 L). This is a high estimate, 
because the WG/WH vault circulation was poor compared to the cells. The likely evaporative losses 
under the old ventilation system would be ~1/4 of that observed in the process cells, 50 gal, or 189 L. 
A reasonable upper bound for solution loss erroneously attributed to evaporation would be ~200 gal or 
~757 L. 

5.2.1.4 Summary. Release of liquid waste at the CPP-118 site might have occurred in the 
1983-1984 timeframe, when liquid collected in the WG/WH tank vaults to a depth of 3 to 4 ft within 
the vault and unlined duct. The unlined duct penetrates the vault wall at approximately 12 in. from the 
vault floor; hence, it was under water. The sources of this release and chemical constituents are not 
precisely known but were materials that normally would have been routed to the WG/WH tanks. While 
the tank vaults are lined with stainless steel, the ducts are not. They are constructed of concrete without 
water stops at joints with the vault walls and came into contact with liquid waste when the tank vaults 
flooded. The bottoms of the ducts are located at a depth (57 ft below grade) where they are believed to 
be in contact with fractured basalt and compacted fill. The amount of liquid released is believed to be 
the equivalent of 200 gal of typical PEW solution of the time. Applying the typical deep tank PEW 
composition for the early 1980s to the liquid released at CPP-118 results in a loss of 0.152 Ci (Cs-137, 
Sr-90, H-3, Tc-99, and I-129). Table 5-2 shows the individual radionuclide contribution to the total. 

5.2.2 Cleanup 

There have been no cleanup efforts at the CPP-118 site. 

Table 5-2. Radionuclides of concern released at the CPP-118 site. 

Radionuclide 

Radioactivity per L (Based on 
Typical Process Equipment 

Waste Concentrations) 
(μCi/L) 

Radioactivity Released 
Assuming 757 L of Waste 

Released (200 gal) 

Cs-137 100 0.0757 Ci 

Sr-90 100 0.0757 Ci 

H-3 1 7.57 × 10-4 Ci 

I-129 1.60 × 10-3  1.21 × 10-6 Ci 

Tc-99 1.36 × 10-2 a 1.03 × 10-5 Ci 

Total 0.152 Ci 
    

a. Activity is based on the Cs-137-to-Tc-99 ratio for 5-year-old fuel using the ORIGEN2 (Croff 1980) computer simulation 
results for the radionuclide products and decay of a nuclear fuel. 
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5.2.3 Previous Investigations 

There have not been any previous investigations of the CPP-118 site. The physical construction 
of the vent ducts was not recognized as a potential leak source when the tank vault floods occurred. The 
vault ventilation system has since been upgraded with new blowers and ducting, and the original ducts 
were sealed with stainless-steel plates in 1991. 

5.2.4 Contamination Remaining at the CPP-118 Site 

The 200 gal of PEW was released directly into the basalt at a depth of 53 ft bgl. Because the area 
is under the CPP-601 building, no removal efforts were attempted. 

5.2.4.1 Areal and Vertical Extent. The areal extent of contamination is expected to be limited 
to the area immediately below the vent ducts, approximately 3 × 10 ft. The vertical extent begins at the 
highest level of the vault flood, 53 ft bgl, and extends vertically and laterally unknown distances into the 
fractured basalt. 

5.2.4.2 Remaining Curies. The radionuclides of concern released totaled 0.152 Ci, as presented 
above. The only removal of source material has been radioactive decay. The activity is dominated by 
Cs-137 and Sr-90 with half-lives of 30 years and 28.8 years, respectively. Therefore, approximately 70% 
of the originally released material would still be present. 

5.2.4.3 Uncertainties/Data Gaps. There are major uncertainties associated with this site, but 
the release is relatively small. The volume released is the biggest unknown followed by the contaminant 
activities in the liquid released. The typical PEW composition for the early 1980s provides a reasonable 
estimate of radionuclide activities in the released liquid. Even if the release volume was an order of 
magnitude higher, the curies lost would total a little over 1.5 Ci. 

5.3 CPP-119, P-Cell Wall Drain 

The CPP-119 release site is located in the CPP-602 building under the P-cell floor at approximately 
32 ft bgl. 

5.3.1 Description of Release 

Condensate from a second-cycle product evaporator (P-110) located in the P-cell was discharged 
to a 2-in., stainless-steel drain line (2”P-1138C) that directed the waste to the WH/WG deep PEW tanks 
in CPP-601 (Figures 2-2, 4-1, and 5-2). Other PEW sources in P-cell (overflow to vessel off-gas prior to 
1984, decontamination of cell floor or sample stations) also used this drain line on an infrequent, episodic 
basis. 

Examination of the vertical run portion of the drain line with a borescope camera found that 
approximately 10 ft down the line transitioned to horizontal at a tee fitting. The weld roots were observed 
to be corroded and one weld approximately 1 to 2 ft above the tee appeared not to have been completed, 
showing evidence of three tack welds, but no circumferential welding. Solutions, primarily condensate 
from the evaporator, were directed down the line, a portion of which was released to the soil surrounding 
the unfinished weld. 

5.3.1.1 Background of System Configuration and Leak. During the second-cycle process, 
an evaporator was used to concentrate the uranium solution for most efficient processing. The P-110 
evaporator housed in the P-cell was used on the second-cycle product while the Q-110 evaporator was 
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used in the Q-cell to concentrate third-cycle product. The condensate generated from the operation of 
P-110 was piped through a 2-in., stainless-steel drain line (2”-1138C) as a PEW stream. The line was run 
into the south cell wall, joining a wall drain from the N-cell. At the junction, the drain traveled vertically 
to a depth of approximately 38 ft bgl where it was connected into a horizontal drain line with a tee. The 
horizontal line connected to an additional P-cell drain on one end and to the PEW CPP-601 waste trench 
header on the other. The N-cell drain and additional P-cell drain were rarely used and, if used, received 
decontamination water. 

The uncompleted weld was discovered during the summer of 1989 as a result of a comprehensive 
evaluation of process lines. The borescope camera allowed operations personnel to determine drain 
system integrity on portions not visible for external inspection. Based on the condition of the weld, it 
was believed that a portion of the P-110 condensate and other PEW solutions leaked through the 
unwelded pipe joint into the soil. Because the weld was not completed, the line had been used in that 
condition since 1953, totaling 36 years. The discovery was made while all plant operations were 
suspended to allow the buried waste lines to be investigated for RCRA compliance. This drain and the 
rest of the buried lines were taken out of service immediately and were replaced with RCRA-compliant 
piping before operations were resumed in late 1991 (INEEL 2002). 

During operation of the P-110 evaporator, condensate flow rates were relatively steady at 
20.25 L/hr because of fairly constant operating conditions. The condensate was acidic (pH<2) and 
contained mercury and other heavy metals, hexone, and relatively low activities of mixed fission 
products. Other PEW source volumes are more difficult to estimate. If we assume two overflows to the 
vessel off-gas occurred in each of the 81 campaigns prior to 1984, each of ~20 L, a total of ~ 2,250 L 
can be estimated from that source. Decontamination efforts in P-cell were infrequent, but an approximate 
total of 4,000 L of decontamination solution was estimated. The decontamination solutions can be 
conservatively bounded as typical PEW solution. 

5.3.1.2 Waste Source Term. The P-110 condensate liquid concentration estimates (Appendix A) 
were calculated through mathematical modeling based on historical process flowcharts A. 

The estimated curies in the condensate are as follows: 

• Cs-137—1.19 × 10-4 μCi/L 

• Sr-90—8.47 × 10-5 μCi/L  

• H-3—2.55 × 10-7 μCi/L 

• I-129—2.73 × 10-5 μCi/L 

• Tc-99—2.73 × 10-4 μCi/L.  

The overflow and decontamination solutions will be conservatively modeled as typical PEW 
solutions. Even though the volumes of these solutions were relatively small, their contribution dominates 
the radioactive contribution to the source term. 

5.3.1.3 Waste Volume Leaked to Soil. The amount of waste that leaked through the faulty 
weld is uncertain. However, 3% of the total flow appears to be reasonable, because the pipe is vertically 
oriented, the system did not run pressurized, the flow would have been a thin sheet of liquid running 
down the pipe wall, and the liquid would experience resistance to flow out of the pipe as a result of 
soil-entry friction losses. 
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A total flow can be calculated using the number of fuel reprocessing campaigns and their average 
duration. Assuming that there were 42 campaigns that ran around the clock for 8 weeks, each at a flow 
rate of 20.25 L/hr would produce a total of 1,143,100 L (300,800 gal) of second-cycle condensate. 
Decontamination and overflow solutions routed to PEW accounted for another 6,250 L (1,645 gal). 
A 3% loss through the faulty weld translates into approximately 34,500 L (9,000 gal) over the course 
of 36 years. 

5.3.1.4 Summary. The CPP-119 site was discovered during pipe inspection activities during 
the summer of 1989. A borescope camera investigation conducted on the P-cell wall drain determined 
that one of the welds on a vertical portion of the 2-in., stainless-steel drain line was incomplete. Three 
tack welds held the joint together, but there was no evidence that the weld was ever completed after it 
was tacked together. The drain line was used to route second-cycle condensate from the P-110 product 
condenser to the WH/WG deep PEW tanks. The drain line was used over a 36-year period in which 
42 separate fuel-reprocessing campaigns were completed. During operation of the P-110 condenser, 
condensate flow rates were 20.25 L/hr based on documented flow sheet data. The liquid released to 
the soil surrounding the faulty weld was estimated to be 34,500 L (3% of the total flow), knowing the 
configuration of the piping and the fact that the drain was not pressurized. Individual radionuclide 
contribution to the total is shown in Table 5-3. 

5.3.2 Cleanup 

No cleanup activities were attempted because of the release location being under the building floor 
and foundation at 38 ft bgl. The 2”P-1138C drain line was removed from service after the faulty weld 
was discovered. 

Table 5-3. Radionuclides of concern released at the CPP-119 site. 

Radionuclide 

Radioactivity per L (Based on 
Appendix A) 

(μCi/L) 

Radioactivity Released 
Assuming 34,000 L of Waste 

Released 
(μCi ) 

Cs-137 1.19 × 10-4 4.05 

Sr-90 8.47 × 10-5 2.88 

H-3 2.55 × 10-7 8.66 × 10-3 

I-129 2.73 × 10-5 0.93 

Tc-99 2.73 × 10-4 a 9.29 

Total 17.16 μCi  
    

a. Activity is based on the Cs-137-to-Tc-99 ratio for 5-year-old fuel using the ORIGEN2 (Croff 1980) computer simulation 
results for the radionuclide products and decay of a nuclear fuel. 

 

5.3.3 Previous Investigations 

No investigations were completed on this release. 
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5.3.4 Contamination Remaining in Alluvium 

Assuming the loss of 9,000 gal of P-110 condensate, the volume of soil impacted would be 
approximately 4,800 ft3, assuming a porosity of 25% and saturated conditions. This equates to a 
cube of soil, 16.9 ft per side. The leak occurred at approximately 38 ft bgl, leaving 14 ft of alluvium 
between the point of release and the top of basalt believed to be located at 52 ft bgl. Assuming a vertical, 
conical-shaped plume with a 30-degree, off-vertical lateral dispersion factor, the 9,000 gal of condensate 
would have wetted a volume of 960 ft3 (20% of the total possible) before the wetting front encountered 
the basalt. The remainder of the condensate (80%) would have entered the basalt. 

5.3.4.1 Areal Extent. The areal extent of contamination within the alluvium at this site is limited 
to approximately 200 ft2, assuming a conical-shaped distribution of contamination. Distribution of 
contamination within the basalt is difficult to estimate based on the fractured nature of the bedrock. 

5.3.4.2 Remaining Curies. The amount of curies totaled approximately 17.2 μCi. The only 
removal of source material has been radioactive decay. A portion of contamination is from Cs-137 and 
Sr-90 with half-lives of 30 years and 28.8 years, respectively. Therefore, approximately 80% of 
the originally released material would still be present. 

5.3.5 Uncertainties/Data Gaps 

The biggest uncertainty associated with the CPP-119 release site is the volume lost. The 3% loss 
rate is a reasonable estimate, based on the leak configuration. However, a precise volume released to the 
soil will never be known. 

5.4 CPP-120, CPP-601 West Vent Corridor and Drains 

The CPP-120 site (see Figures 2-2, 4-1, and 5-2) is located under the CPP-601 West Vent Tunnel 
(WJ) from just north of the junction with the CPP-640 Vent Tunnel (HV) to the junction with the South 
Vent Tunnel (VT). The floor of the West Vent Tunnel is located at 8 ft bgl. The western edge of the 
release site is bounded by the western shielding wall of the CPP-601 cell row, which extends to between 
25 ft bgl and 57 ft bgl (depth increases from north to south). The northern portion of the release site is 
bounded by the east wall of CPP-640, which extends 16 ft bgl. 

5.4.1 Description of Release 

The CPP-120 site had a series of potential releases from failed waste piping under the vent tunnel. 
Valve and piping failures in the West Vent Tunnel released contaminated liquids to the vent tunnel floor 
that could reach the soil via cold joints at the edges of the floor slab. 

5.4.1.1 Background of System Configuration and Leak. The CPP-601 West Vent Tunnel 
was constructed with a flat concrete floor. The tunnel had three floor drains evenly spaced along its length 
that were connected by a directly buried 4-in. cast-iron line (4”WJ-1074T). The 4-in. cast-iron line also 
connected cast-iron drains from the West Sample Corridor directly above the vent tunnel and directed the 
liquid to the PEW collection tanks. The PEW collection system was described in Section 3.2. This line 
ran under the length of the West Vent Tunnel and then dropped down to enter the WG tank vault. Before 
entering the vault, the line converted to a 3-in., stainless-steel line at 34 ft bgl. 

There was originally no process piping in the vent tunnel, but process piping was added as the 
plant evolved, especially after the construction of CPP-640. Many of the cells served by the West Vent 
Tunnel were used for first-cycle processes; thus, leaks, ventilation reversals, and liquid vented from a 
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1959 criticality incident all resulted in high levels of contamination. Subsequent use of corrosive 
decontamination chemicals resulted in failure of the cast-iron piping. Cells served by the northern part 
of the vent tunnel (Z, K, and J) did not cause heavy contamination of the adjacent vent tunnel; therefore, 
little, if any, corrosive solution entered the north floor drain. Thus, the piping failure was restricted to the 
middle floor drain and south to the transition to stainless steel. 

The original flat floor did not effectively direct solution to the drains, so leaked solution would tend 
to form shallow puddles. Where these puddles contacted the wall edges, and particularly at the CPP-640 
Vent Tunnel junction, cold joints and cracks could allow solution to leak to the soil below. Small amounts 
of contaminated liquid were released to the floor as condensates from the DOG vacuum control valve and 
from an E-DOG sample system. The major source of radioactive material released inside the West Vent 
Tunnel was episodic leakage associated with the PSV-88 valve in the line from the electrolytic process in 
Cell 5 to F-cell. Solution released to the vent tunnel floor produced fields of 50 to 100 R/hr. The failure of 
the cast-iron piping was first detected during decontamination of the vent tunnel in 1979, also marking the 
first confirmed release in the soil below the vent tunnel. 

Remedial efforts at this time included removing a layer of contaminated concrete from the vent 
tunnel floor and covering the remaining hot spots with lead. Three new stainless-steel drains were 
installed near the sites of the old failed drains by slant drilling into the adjacent process cells (K, F, and C) 
and running new stainless-steel drain pipes to connect with existing PEW lines in the cells. The old drains 
were abandoned in place, and the lower end of the drain line was capped in the WG tank vault. A new 
floor was poured over the old slab and shielding. Unfortunately, the new floor was also flat and did not 
effectively direct liquid to the drains. The new piping did not have secondary containment; therefore, the 
vent tunnel still did not meet RCRA requirements for leak detection or secondary containment. 

A second major contamination of the West Vent Tunnel occurred in late 1981 when PSV-88 failed 
during decontamination of Cell 5 after an electrolytic dissolution campaign (Zohner 1996). As before, 
the solution released to the vent tunnel floor produced fields of 50 to 100 R/hr. A decontamination spray 
system had been installed and connected to the PM area decontamination chemical header in 1979. This 
system aided decontamination of the 1981 releases. The new stainless-steel drains had seen little service 
and were not likely to have leaked. Unfortunately, the valves used to isolate the decontamination spray 
system leaked badly afterward, as was discovered about 3 years later during a vent tunnel entry. 
Examination of the floor showed extensive damage caused by acid dripping from the spray nozzles. 
Pits up to 3 in. deep and etched flow channels were found along with stains from liquid escaping the 
DOG vacuum control valve. Immediate corrective action disconnected and capped the decontamination 
spray system. 

Later corrective action occurred in 1990–1991 during the Buried Lines Replacement Project 
(INEEL 2002). The existing drain lines were capped, the floors of the CPP-601 and CPP-640 Vent 
Tunnels were contoured to drain to new stainless-steel sumps, and the sumps were equipped with 
leak-detection instruments and air jets to remove liquid. A new PEW collection header was installed 
in the vent tunnel. This line collected the discharge of the sump jets, the sample corridor drains, and 
PEW solutions from CPP-640 and transferred them to the PEW tanks via RCRA-compliant piping. 

5.4.1.2 Waste Source Term. The major leakage in the West Vent Tunnel originated with the 
failure of the PSV-88 valve in the dissolver product transfer line from Cell 5 to F-cell. The radionuclide 
content of the flush solutions used at the start of Cell 5 cleanup in late 1981 can be estimated from data 
on the decontamination of G- and H-cell in 1982 (EDF-5318). It is expected that both the size and 
composition of the 1970s leakage would be similar. There are no direct data on DOG condensate, but 
the stains left by it were not highly radioactive; thus, this solution can be conservatively modeled by 
combining it with the decontamination flush solutions. 
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There are no analytical data for the leaked liquids at the CPP-120 site. However, the activity can 
be approximated from historical sources. The activity levels for the radionuclides of concern in the lost 
dissolver product solution are based on dissolver product derived from fuels with typical fission yields: 

• Cs-137—3.5 Ci/L 

• Sr-90—3.5 Ci/L 

• H-3—1.41 × 10-2 Ci/L 

• I-129—7.91 × 10-7 Ci/L 

• Tc-99—4.76 × 10-4 Ci/L. 

The activity level for the leaked decontamination flush solution is based on 1% concentration of 
the original dissolver product. The arbitrary 1% solution value was selected based on the fact that the 
process equipment was designed to be fully drained, leaving minimal heels in the vessels and piping. It 
was reasoned that, volumetrically, 1% of the process liquid could reside in the drained equipment that 
would combine with the decontamination fluid once it was introduced into the system. Therefore, the 
decontamination liquid would contain 1/100th of the original dissolver product activity: 

• Cs-137—0.035 Ci/L 

• Sr-90—0.035 Ci/L 

• H-3—1.41 × 10-4 Ci/L 

• I-129—7.9 × 10-9 Ci/L 

• Tc-99—4.76 × 10-6 Ci/L. 

5.4.1.3 Waste Volume Leaked to Soil. Process leaks from the electrolytic dissolver transfer 
line in the vent tunnel were small enough not to trigger concerns for uranium loss; therefore, this leakage 
source did not exceed a few liters. Leakage from this source would have been readily detectable in routine 
PEW samples before the drains failed; thus, 10 L is a reasonable bound for these leaks. The first major 
leakage occurred at nonspecific times after the 1971 installation of the electrolytic process through 1977, 
with evidence that more than one event of this nature had occurred. A similar leak occurred during the 
start of chemical decontamination procedures for Cell 5 in CPP-640 in late 1981. Then, volume 
discrepancies on transfers between Cell 5 and F-cell led to the discovery of the leakage in the vent 
tunnel. A reasonable bounding value for the decontamination solution leakage would be 25 gal (~100 L). 

Condensate leaks from the DOG system between the drain line replacement and the 1990 upgrades 
for RCRA compliance led to pitting and staining of the floor but had small volume (~4 L based on the 
size of the stains). This indicates that the earlier leakage from these sources also was small, contributing 
to the degradation of the drain piping but only amounting to a few liters. We will assume that 20 L is a 
conservative bound for the DOG condensate. Thus, the source leakage to the vent tunnel floor can be 
modeled as 10 L of dissolver product, 100 L of decontamination flush solution from Cell 5, and 20 L of 
DOG condensate. 

This radioactive source material was then flushed with several hundred liters of water and nitric 
acid, which could have helped carry the source material into the soil due to the failed piping. Personnel 
entering the vent tunnel for cleanup work delivered flush solutions via garden hose or carboy. A portion 
of the flush solution was recovered and transferred to the deep tanks. No volume records were kept, but 
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300 gal (1,140 L) are assumed as a conservative bound for the volume of flush solution, which might 
have leaked to the soil. 

This estimate yielded 130 L of radioactive liquid, followed by 1,140 L of nonradioactive flush 
solution (water with some nitric acid). These numbers were associated both with the leak event in the 
West Vent Tunnel during the 1970s and again with the leak in 1981. Only leaks prior to 1979 had direct 
access to the failed cast-iron piping. Leaks after 1979 were confined to the vent tunnel floor, and a 
relatively small portion of the solution likely would have reached the ground through cold joints. 
These incidents are minor relative to the volume and uncertainty associated with the primary release. 

5.4.1.4 Summary. Solution leaks and subsequent decontamination efforts caused the failure of 
buried cast-iron waste piping under the CPP-601 West Vent Tunnel. The major solution releases to the 
soil occurred between 1971 and 1978 during electrolytic campaigns and Cell 5 decontaminations. 
Solution released at the CPP-120 site was a mixture of electrolytic dissolver product, hot decontamination 
solutions from cleanup of Cell 5 in CPP-640, and cold decontamination solutions used in the vent tunnel. 
Some solutions were released to the vent tunnel floor at other times and might have reached the soil 
through cold joints at the edges of the floor slab, but these releases would have been small compared 
to those involved in the failure of the cast-iron drains. The total radioactivity of the liquids amounts to 
148.0 Ci for the five radionuclides of concern and are summarized in Tables 5-4 and 5-5. 

5.4.2 Cleanup 

The vent tunnel was subject to extensive decontamination, but there have been no cleanup efforts 
under the vent tunnel floor at the CPP-120 site. 

Table 5-4. Radionuclides of concern released at the CPP-120 site from the dissolver product. 

Radionuclide 

Radioactivity per L (Based on 
Dissolver Product Derived from 

Fuels with Typical Fission 
Yields) 
(Ci/L) 

Radioactivity Released 
Assuming 10 L of Waste 

Released (5.3 gal) 
Cs-137 3.5 35 Ci 
Sr-90 3.5 35 Ci 
H-3 1.41 × 10-2 a 0.141 Ci 
I-129 7.91 × 10-7 a 0.79 × 10-5 Ci 
Tc-99 4.76 × 10-4 a 4.76 × 10-3Ci 

Total 70.15 Ci 
    

a. Activity is based on the Cs-137-to-I-129, Cs-137-to-H-3, or Cs-137-to-Tc-99 ratio for 5-year-old fuel using the ORIGEN2 
(Croff 1980) computer simulation results for the radionuclide products and decay of a nuclear fuel. 
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Table 5-5. Radionuclides of concern released at the CPP-120 site from the decontamination liquid. 

Radionuclide 

Radioactivity per L (Based on 
Average Zircon-Clad Fuel 

Dissolver Product) 
(Ci/L) 

Radioactivity Released 
Assuming 120 L of Waste 

Released (31.6 gal) 

Cs-137 0.035 4.2 Ci 

Sr-90 0.035 4.2 Ci 

H-3 1.41 × 10-4 a 1.69 × 10-2 Ci 

I-129 7.91 × 10-9 a 9.49 × 10-7 Ci 

Tc-99 4.76 × 10-6 a 5.71 × 10-4 Ci 

Total 8.40 Ci 
    

a. Activity is based on the Cs-137-to-I-129, Cs-137-to-H-3, or Cs-137-to-Tc-99 ratio for 5-year-old fuel using the ORIGEN2 
(Croff 1980) computer simulation results for the radionuclide products and decay of a nuclear fuel. 

 

5.4.3 Previous Investigations 

The buried PEW lines under the West Vent Tunnel were investigated for RCRA compliance as 
part of the Buried Lines Replacement Project between 1989 and 1991. The abandoned cast-iron lines 
were not disturbed, since their lack of integrity prohibited flushing. The replacement stainless-steel drains 
to the cells were not RCRA-compliant, so they were capped off and abandoned; their short period of use 
made it likely that they had never leaked. The new vent tunnel floors, sumps, and PEW collection piping 
were installed in 1991. 

No soil samples were taken, because the original response to the pipe failure was to assume that 
the lines had simply plugged. Later experience indicated that horizontal cast-iron pipe tends to fail by 
collapsing, effectively blocking flow. In addition, during the 1991 work, contamination was found to be 
entering the CPP-640 basement from the area of the CPP-120 site release. Moisture entering at the crack 
between the Cell 5 wall and the CPP-601 West Vent Tunnel footing evaporated leaving whitish deposits 
with 40,000 to 50,000 dps/100 cm² contamination. 

5.4.4 Contamination Remaining at the CPP-120 Site 

5.4.4.1 Areal and Vertical Extent. The areal extent of contamination is expected to be limited 
to the area immediately below the West Vent Tunnel from the south wall of G-cell south to the WG 
vault, approximately 130 × 10 ft. The vertical extent begins at the level of the vent tunnel floor, 8 ft bgl, 
and extends downward into the compacted fill. Assuming that 300 gal (1,140 L) of water escaped 
confinement while flushing the contamination from the West Vent Tunnel, along with the 34 gal (130 L) 
of contaminated liquid released, the total volume controlling the movement of contamination is 334 gal 
(1,264 L). Because the release occurred 8 ft bgl, the leak has most likely been contained within the 45 ft 
of alluvium below. 

The volume of soil that would contain the 334 gal of liquid at a porosity of 25% would be 178 ft3. 
Assuming a line source that is 130 ft long, the liquid would migrate to a depth between 1.5 and 2.0 ft. If 
the release were a point source, the conical-shaped plume would reach a depth of approximately 8 ft 
assuming a lateral spread of 30 degrees off vertical. Therefore, the release appears to be contained 
within the alluvium. 
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5.4.4.2 Remaining Curies. The only removal of source material has been radioactive decay. 
The activity is dominated by Cs-137 and Sr-90 with half-lives of 30 and 28.8 years, respectively; thus, 
approximately 70% of the 147 Ci would still be present. 

5.4.5 Uncertainties/Data Gaps 

The constituents in the released liquids are fairly well understood and the activity levels for the 
two waste streams are reasonable. The volume of contaminated liquid lost also appears to be reasonable 
based on the fact that system uranium loss was monitored closely. Uranium loss would be indicative of 
a measurable release, and no losses were indicated. Therefore, it is believed the release of highly 
contaminated fluid was relatively small. 

5.5 CPP-121, M-Cell Floor Liner 

The CPP-121 site is located under M-cell of the CPP-601 building (see Figures 2-2, 5-1, and 5-2). 
The M-cell is located near the south end of the east cell row. The M-cell floor is a 1-ft-thick concrete slab 
poured over compacted fill, whose top elevation is 32 ft bgl. 

5.5.1 Description of Release 

A small hole in the M-cell floor liner approximately 3 in. above the floor was identified when the 
floor was flooded with water during performance of criticality safety tests prior to the first use of M-cell 
in 1983 (Zohner 1996). While there are no events identified that would have subsequently flooded M-cell 
to this level, it is possible that during cell decontamination activities, small amounts of radioactive 
materials could be forced into this hole. 

5.5.1.1 Background of System Configuration and Leak. The original construction of the 
M-cell floor was the same as that used for all process cells in CPP-601. First, the wall footings and 
shielding walls were poured. Then, the floor area fill was leveled and compacted, and the 1-ft-thick flat 
floor slab was poured, with cold joints where the slab overlapped the footings. The floor was then 
contoured with grout, up to 6 in. thick at the high points, to produce a surface that drained smoothly to a 
low area at the floor sump and drain. The sump was a 15-in. section of 5-in. pipe. The floor grout and the 
lower walls were poured with embedded stainless-steel studs and angle iron to allow installation of the 
floor liner. The stainless-steel liner plates were attached to the embedded metal with plug or seam welds. 

When water was added to the cell floor as verification that sufficient borated Raschig rings were 
on the cell floor to contain a spill of specified size, water slowly leaked into the cell labyrinth from the 
underside of the cell liner. (The Raschig rings were small-diameter rings similar in shape to napkin rings 
that were used to control criticality of any liquids leaked onto the cell floor.) The leak did not appear until 
at least 3 in. of water had been added to the cell floor. This slow leak could not be readily located, and 
further investigation would have required lifting the floor gratings and digging in the glass Raschig rings. 
It was decided that the effort was not justified. 

The M-cell contained two pairs of tanks for uranium accountability measurements: VES-M-103 
and VES-M-104 measured solutions transferred from first-cycle extraction to intercycle storage; 
VES-M-101 and VES-M-102 measured solutions transferred between third-cycle and final product 
storage. Each tank had an associated pump. In March 1984, the M-202 pump developed a leak. The pulse 
action of the diaphragm pump sprayed the wall with third-cycle uranium solution, which ran down into 
the Raschig rings and filled the cell sump. Solution loss was limited to 1 or 2 gal, which was returned to 
the process via the sump process jet to VES-M-103. The cell was entered, and the wall and Raschig rings 
were rinsed with a water spray to complete the uranium recovery. This more-dilute uranium solution was 
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routed to the uranium salvage system via the sump recycle jet. The flush solutions were not allowed to 
accumulate on the floor, because that would have spread the contamination. The only possibility of 
solution reaching the pinhole in the liner would have been if the hole had been subject to direct spraying 
or if the hole was in the path of the solution running down the wall. Neither mechanism was likely to 
cause a significant amount of release behind the liner. 

Another known solution release in M-cell was associated with a release of about 100 gal of cold 
aluminum nitrate-test solution and 100 gal of cold test water to the cell floor shortly after the flood test 
described above. This solution did not reach the level of the hole in the liner. 

There were several small solution releases associated with repairs and replacement of the M-203 
and M-204 pumps. These were limited to 1 or 2 L each, and the solutions were flushed to the sump and 
not allowed to accumulate. 

5.5.1.2 Waste Source Term. There are no direct analytical data for the solution that might have 
leaked from the M-cell floor at the CPP-121 site. The only liquid known to have entered the subliner 
space was clean water. The only process solution that had a chance to reach the liner leak was third-cycle 
product solution that leaked from the M-202 pump. Third-cycle product consisted of 0.13 M nitric acid, 
high uranium (350 to 420 g U/L), with low levels of contamination from transuranics (5 × 10-4 mCi/L Pu), 
and fission products (2 × 10-4 mCi/L Cs-137 plus Sr-90) (EDF-5441). Because the process leak was small, 
~2 gal or 10 L, the total amount of nonuranium activity released to the floor was much less than 1 mCi. 
The uranium released amounted to ~4 kg. Jetting from the sump returned nearly all uranium products to 
the process. Assuming that a very conservative 10% of the release got behind the cell liner, this would 
place 1 × 10-6 Ci total nonuranium activity and 400 g of uranium behind the liner and available to leak 
to the soil from cold joints around the edges of the floor slab. 

5.5.1.3 Waste Volume Leaked to the Soil. The volume of solution that entered the 
subliner space was not known with certainty. When water was detected leaking into the cell entry 
labyrinth, the floor-flooding test was repeated at least twice. The volume of the subliner space is 
{[(16 × 15 × 1/48 ft) – (16 × 3 × 1/48 ft)] × 7.5} or 30 gal. There was always a significant time delay 
for the appearance of water in the labyrinth, indicating that the subliner space had drained between tests. 
The level of the water in the cell dropped about ½ in. before stabilizing. Therefore, we could estimate the 
60 gal of water leaked to the soil during each test, say 250 gal total. This volume was clean water before 
process solutions were introduced to the cell. The volume of process solution that entered the subliner 
space was conservatively estimated at 0.25 gal. 

5.5.1.4 Summary. Clean water leaked behind the M-cell liner during preprocess testing. A small 
release of process solution might have allowed ¼ gal of radioactive solution to leak behind the liner. The 
behavior of the leaking water indicated that the subliner space did release solution to the soil. The release 
can be bounded at 250 gal of clean water and 0.25 gal of process solution. No liquid volume has been 
allowed to accumulate on the M-cell floor sufficient to reach the hole in the liner since the original tests. 

5.5.2 Cleanup 

There have been no cleanup efforts at the CPP-121 site. 

5.5.3 Previous Investigations 

There have been no previous investigations at the CPP-121 site. 
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5.5.4 Contamination Remaining at the CPP-121 Site 

5.5.4.1 Areal and Vertical Extent. The areal extent of the contamination is expected to be limited 
to the area directly below M-cell, approximately 15 × 16 ft. The vertical extent of contamination begins in 
compacted fill beneath the cell floor, 32 ft bgl, and continues down to the basalt surface at approximately 
52 ft bgl. 

5.5.4.2 Remaining Curies. The only removal of source material has been radioactive decay. 
The activity is dominated by Cs-137 and Sr-90 with half-lives of 28 years and 30 years, respectively; 
thus, approximately 70% of the originally released material would still be present. Uranium and 
plutonium would not be reduced by decay; therefore, all that was released would still be present. 

5.5.5 Uncertainties/Data Gaps 

There is significant uncertainty whether any process contaminants reached the soil at the CPP-121 
site. Estimates given are very conservative, especially for uranium. 

5.6 CPP-122 Site, E-Cell Liner Pin Holes 

The CPP-122 site is located under E-cell of the CPP-601 building. The E-cell is located in the west 
cell row, a little south of the middle of the building (see Figures 2-2, 5-1, and 5-2). The E-cell floor is a 
1-ft-thick concrete slab poured over compacted fill, whose top elevation is 22 ft bgl. 

5.6.1 Description of Release 

During the 1980–1981 zirconium and coprocessing fuel dissolution campaigns, a release of 
dissolver product created pinhole leaks in the floor liner. Attempts were made in May 1986 to 
decontaminate the liner using heated nitric acid on the cell floor (depth of 6 to 12 in. for a period of 2 
weeks). This effort would have also released these materials to the concrete under the liner, where they 
could reach the soil via cold joints at the edges of the slab. 

5.6.1.1 Background of System Configuration and Leak. The E-cell contained VES-E-101, 
the zirconium fuel dissolver. Zirconium-clad fuel was dropped into the dissolver from the charging chute 
located in the PM area. A hydrofluoric-acid-based dissolvent solution was made up in the PM area and 
metered into the dissolver from a PM area feed tank. Both the tanks and feed lines required special 
construction to withstand the highly corrosive hydrofluoric acid. The tanks were lined with rubber, and 
much of the feed system was constructed of KEL-F, a chemically resistant plastic. The two lines entering 
the cell and VES-E-101 were made of Monel, an alloy resistant to hydrofluoric acid, but not to nitric acid. 
The E-101 vessel had been replaced shortly before the start of the campaign, and short lengths of piping 
connecting the new dissolver to process and utility lines also were new. Apparently, an 18-in. section of 
the primary hydrofluoric acid dissolvent feed line was installed with the wrong material—ordinary 
stainless-steel instead of Monel. When hydrofluoric acid feed was started to the dissolver, this material 
corroded away within a short time. 

Material was released in three stages. First, cold chemical dissolvent (acidic [pH substantially <0], 
high fluoride [4 M, corrosive to stainless steel], nonradioactive) being routed to the E-101 dissolver 
leaked through the hole in the transfer pipe and ran across the floor to the cell sump. This material was 
detected in the cell sump, and the cause was determined by observing that the cell sump began rising soon 
after a dissolvent transfer began. The amount of dissolvent lost was limited to about 5 gal, because the 
dissolvent transfers were shifted to the alternate line as soon as the leak source was identified. 
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The second stage of the leak consisted of very highly radioactive first-cycle dissolver product 
that splashed out of the leaking pipe during dissolver operation. This solution was similar to the cold 
stream dissolvent in acidity and fluoride content, but now contained highly radioactive fission products 
(~12.2 Ci/L fission products). This leak was slow and intermittent, tending to crystallize on the floor, 
and only occasionally requiring sump liquid to be jetted back to the process. Radiation fields at the floor 
level of E-cell were in excess of 200 R/hr after the process vessels had been flushed for uranium recovery 
and emptied following internal decontamination. 

The third stage of the leak occurred during decontamination of the cell floor in preparation for 
maintenance activities in E-cell during May 1986. At that time, a dam was constructed in the cell 
entry labyrinth, and the cell floor was flooded with nitric acid (2–4 M) to a depth of 6 to 12 in. A 
temporary steam jet was used to heat and recirculate the acid over a period of at least 2 weeks. Acid 
was removed and replenished several times during this decontamination effort. During this time, the 
acid might have carried some portion of the released material left on or under the floor liner into the 
soil below. 

The original construction of the E-cell floor was the same as that used for all process cells in 
CPP-601. First, the wall footings and shielding walls were poured. Then, the floor area fill was leveled 
and compacted, and the 1-ft-thick flat floor slab was poured, with cold joints where the slab overlapped 
the footings. The floor was then contoured with grout, up to 6 in. thick at the high points, to produce a 
surface that drained smoothly to a low area at the floor sump and drain. The sump was a 15-in. section 
of 5-in. pipe. The floor grout and the lower walls were poured with embedded stainless-steel studs and 
angle iron to allow installation of the floor liner. The stainless-steel liner plates were attached to the 
embedded metal with plug or seam welds. The E-cell floor was modified after original construction to 
incorporate the footing for VES-E-101. A square hole, ~3 ft on a side, was cut through the existing floor 
and steel pilings were driven to bedrock. A concrete footing block was poured that extended 6 in. above 
the existing floor level. The block was then covered with a stainless-steel liner that was welded to the 
existing floor liner. No water stops were installed at the junction of the new block and the old 
floor concrete. 

After the floor had been decontaminated with nitric acid, the decontamination workers who 
entered the cell noticed that liquid would squirt up through pinholes in the cell liner when they 
stepped in some places. These holes were produced by the corrosive action of the released 
hydrofluoric-acid-based solutions on stainless steel. The areas of damaged liner were relatively small, 
but the observed effects indicate that the space under the liner was filled with liquid. The volume under 
the liner (20 ft × 19 ft × ¼ in.) amounts to a maximum of 8 ft3 or 60 gal. The volume of acid added to 
flood the floor to a 1-ft depth over the sump would be 19 × 20 × 0.5 ft [top 6 in.] + (19 × 20 × 0.5 ft)/2 
[sloped bottom 6 in.] = 285 ft3. There are 7.5 gal/ft3 (285 ft3 × 7.5 gal/ft3 = 2,137.5 gal) and 60 gal in 
the labyrinth; thus, the total is approximately 2,200 gal. 

5.6.1.2 Waste Source Term. There are no analytical data for the dissolver product that might 
have leaked from the E-cell floor at the CPP-122 site. However, the activity in the waste can be estimated 
from the historical analyses of the solutions known to have been used in E-cell (EDF-5441). The activities 
in the dissolver product for the five radionuclides of concern are as follows: 

• Cs-137—3.5 Ci/L 

• Sr-90—3.5 Ci/L 

• H-3—1.41 × 10-2 Ci/L 
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• I-129—7.91 × 10-7 Ci/L 

• Tc-99—4.76 × 10-4 Ci/L. 

5.6.1.3 Waste Volume Leaked to the Soil. Because there was no attempt to keep a mass balance 
on the decontamination solution, the volume lost to the soil is not known with certainty. However, the 
total dissolver product solution leaked to the floor can be bounded at approximately 30 gal (114 L), 
based on jetting the 1-gal sump every few days. It is likely that most of this material dried on the cell 
floor, and this amount of radioactive waste could account for the observed 200-R/h fields. 

Changes in the decontamination solution levels on the cell floor did not show signs of gross 
leakage, but two effects would have made volume changes hard to interpret. The steam jet would add 
condensate to the liquid on the floor and raise its temperature. The warm liquid also would evaporate. 
Observation of liquid on process cell floors has shown that ~1/4 in./day of liquid is lost to evaporation to 
the cell ventilation air. The E-cell floor area is 19 × 20 ft (380 ft2); thus, the daily evaporation loss could 
amount to 8 ft3 (60 gal, 228 L) or 2.5 gal/h. This amounts to just under 3% of the liquid volume on the 
floor. The steam jet used to heat and circulate the liquid could add 25 gal/h of steam condensate during 
the time the jet was run. This addition could mask the loss of approximately 1% of the solution per hour 
or 8% in a typical shift. This does not prove whether solution was lost to leakage but serves to illustrate 
the error bounds that were in existence. Based on these facts, a 10% leakage is a reasonably conservative 
estimation for potential solution loss. This uncertainty amounts to 3 gal of dissolver product and 220 gal 
per flush or about 1,000 gal for the decontamination effort. 

5.6.1.4 Summary. Contaminated solutions leaked to the floor of E-cell during operations in 1980 
and 1981. Later decontamination efforts in 1986 mobilized the radioactive waste and might have allowed 
some to leak to the soil below the cell. Reasonable estimates for the leakage place the potential release at 
3 gal of dissolver product contained in up to 1,000 gal of 4 M nitric acid. The activity released to the soil 
is summarized in Table 5-6. 

5.6.2 Cleanup 

There have been no cleanup efforts at the CPP-122 site. 

Table 5-6. Radionuclides of concern released at the CPP-122 site from the dissolver product. 

Radionuclide 

Radioactivity per L (Based on 
Average Zircon-Clad Fuel 

Dissolver Product) 
(Ci/L) 

Radioactivity Released 
Assuming 11 L of Waste 

Released (3 gal) 

Cs-137 3.5 38.5 Ci 

Sr-90 3.5 38.5 Ci 

H-3 1.41 × 10-2 a 0.16 Ci 

I-129 7.91 × 10-7 a 8.70 × 10-6 Ci 

Tc-99 4.76 × 10-4 a 5.24 × 10-3 Ci 

Total 77.16 Ci 
    

a. Activity is based on the Cs-137-to-I-129, Cs-137-to-H-3, or Cs-137-to-Tc-99 ratio for 5-year-old fuel using the ORIGEN2 
(Croff 1980) computer simulation results for the radionuclide products and decay of a nuclear fuel. 
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5.6.3 Previous Investigations 

There have been no previous investigations at the CPP-122 site, because the significance of 
damage to the cell liner was not recognized at the time of decontamination; therefore, it was believed 
that all liquid was confined within E-cell. 

5.6.4 Contamination Remaining at the CPP-122 Site 

5.6.4.1 Areal and Vertical Extent. The areal extent of the contamination is expected to be limited 
to the area directly below E-cell, approximately 19 × 20 ft. The vertical extent of contamination begins in 
compacted fill beneath the cell floor at 23 ft bgl. Assuming that a total of 1,003 gal of liquid leaked into 
the soil, approximately 550 ft3 of alluvial material with a porosity of 25% would be necessary to contain 
the liquid. If the release occurred at a single point, the conical plume would migrate downward about 
11.5 ft or to a depth of 34.5 ft bgl. However, the release likely occurred at multiple points under 
the footprint of the cell with the liquid residing in the first few feet below the cell floor. 

5.6.4.2 Remaining Curies. The only removal of source material has been radioactive decay. 
The activity is dominated by Cs-137 and Sr-90 with half-lives of 30 and 28.8 years respectively; thus, 
approximately 70% of the originally released material would still be present. 

5.6.5 Uncertainties/Data Gaps 

The biggest data gap for this release site is the volume of liquid released to the subsurface. The 
release of dissolver product involved a small volume within the cell, most of which was recovered. The 
decontamination solution volumes released, on the other hand, are harder to bound. 

5.7 CPP-123, F-Cell Sump 

The CPP-123 site is located under F-cell of the CPP-601 building. The F-cell is located in the 
middle of the west cell row (see Figures 2-2, 5-1, and 5-2). The F-cell floor is a 1-ft-thick concrete slab 
poured over compacted fill, whose top elevation is 22 ft bgl. 

5.7.1 Description of Release 

During the 1980–1981 zirconium and coprocessing fuel dissolution campaigns, a release of highly 
contaminated E-DOG scrubber solution occurred from the E-DOG scrubber pumps located in F-cell. The 
leak caused very high beta radiation fields in F-cell that were controlled by flooding the cell floor with 
water. Some of this water leaked under the stainless-steel floor liner through an unsealed hole for a bolt 
that secured the cell ladder to the floor, carrying some of the highly radioactive waste with it. The liquid 
under the liner resulted in a 5-R/h gamma field in the lower portions of the cell near the sump. Some of 
this liquid might have been released to the soil at cold joints around the edges of the floor slab. An 
attempt to flush the subliner space during 1991 might have forced additional waste into the soil. 

5.7.1.1 Background of System Configuration and Leak. The source liquid originated in 
VES-E-104, whose function was to remove hydrofluoric acid vapor from the VES-E-101 DOG stream. 
A solution of aluminum nitrate and boric acid was sprayed onto the plate column section of VES-E-104, 
where the solution ran down countercurrent to the rising E-DOG stream. The solution collected in the 
lower section of VES-E-104 and was pumped back to the spray nozzles by pumps located on the floor 
level of F-cell near the cell entry. 
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The pumps leaked during the course of the 1980 and 1981 fuel dissolution campaigns during 
which VES-E-101 was used to dissolve zirconium-clad fuels. The scrubber solution collected and 
complexed hydrofluoric acid vapor, preventing corrosion in downstream equipment. It also collected 
nonvolatile fission products from droplets of mist and volatile fission products, especially Ru-106, which 
is an intense beta emitter. No sample data are available for this solution, but it would likely have about 
10% (based on process knowledge) of the activity of the dissolver product. The leak rate was slow, 
allowing solution to dry on the pumps, walls, and floor before reaching the cell sump, but it was highly 
radioactive, especially in beta activity. Prior to attempting repair of the pumps in 1982, decontamination 
workers sprayed the spill area with water and nitric acid to remove loose material. The resulting solution 
was allowed to remain on the cell floor, and more water was added to act as shielding against the high 
beta radiation from the stains under the pumps. 

The original construction of the F-cell floor was the same as that used for all process cells in 
CPP-601. First, the wall footings and shielding walls were poured. Then, the floor area fill was leveled 
and compacted, and the 1-ft-thick flat floor slab was poured, with cold joints where the slab overlapped 
the footings. The floor was then contoured with grout, up to 6 in. thick at the high points, to produce a 
surface that drained smoothly to a low area at the floor sump and drain. The sump was a 15-in. section of 
5-in. pipe. The floor grout and the lower walls were poured with embedded stainless-steel studs and angle 
iron to allow installation of the floor liner. The stainless-steel liner plates were attached to the embedded 
metal with plug or seam welds. 

Unknown at the time, there was an open hole in the floor liner at one of the bolts used to secure the 
floor ladder. This hole allowed some fraction of the liquid, carrying some of the radioactive waste, to run 
under the floor liner. The volume was small enough to be contained in an area about 5 ft square around 
the cell sump. After the pumps were removed and the lines capped, the solution was jetted from the F-cell 
floor to PEW. The area was decontaminated, but no amount of effort was able to reduce the 5-R/h gamma 
field around the sump area. 

The area remained unchanged until the Buried Line Replacement Project installed a new PEW line 
during 1991 (INEEL 2002). While a core drill for the new line was being bored through the cell wall at 
floor level near the sump, water from the core-drilling machine began to appear on top of the F-cell liner. 
This initial water carried radiation readings of 14 R/h. Investigators were unable to determine where the 
water was penetrating the liner. A blue dye was added to the subliner space through a drilled hole within a 
1-in. pipe stub welded to the liner. A garden hose was attached to the pipe to allow the dye to be flushed 
through the penetration, which was discovered at an unsealed anchor bolt for the cell ladder. The initial 
liquid was over 10 R/h. With continued flushing, the liquid dropped to <100 mR/h. After this flushing, 
dramatic reductions in the radiation fields (5,000 mR/h to 300 mR/h) around the sump were reported. 

5.7.1.2 Waste Source Term. There are no analytical data for the solution that might have leaked 
into the soil from the F-cell floor at the CPP-123 site. However, the activity in the waste can be closely 
approximated by using 10% of the values found in dissolver product. This is based on the fact that the 
off-gas scrubber was used to remove dissolver product mist and droplets from the waste stream. The 
aluminum nitrate and boric acid used became contaminated over time, as it was recycled before the 
solution was replaced with fresh uncontaminated solution. A 10% dissolver product to 90% scrubber 
solution was an average mixture and would represent what was lost through the leaking pumps. The 
activity for the five radionuclides of concern in the E-DOG scrubber solution is assumed to be follows: 

• Cs-137—0.35 Ci/L 

• Sr-90—0.35 Ci/L 
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• H-3—1.41 × 10-3 Ci/L 

• I-129—7.91 × 10-8 Ci/L 

• Tc-99—4.76 × 10-5 Ci/L. 

5.7.1.3 Waste Volume Leaked to the Soil. It is difficult to estimate the volume of solution from 
a slow, long-term leak under conditions that allow the solution to dry before reaching a measuring point. 
The residual activity remaining under the F-cell liner has been modeled, by ORIGEN2, as 4.7 Ci of 
Cs-137. Based on the reduction of radiation fields caused by the 1991 flush, this amount represents about 
6% of the original contamination, which would mean that the original contamination would be around 
80 Ci of Cs-137. This in turn would be only a small (say 8%) fraction of the original floor contamination, 
placing the original release at around 1,000 Ci of Cs-137. At dissolver product Cs-137 levels, this would 
require approximately 300 L to be released, which is possible at about 1 mL/min over a 6-month period. 
However, because the source liquid would be expected to only have around 10% of the activity of 
dissolver product, the leak rate would need to be about 10 mL/min, which is relatively high to be 
considered likely. 

The volume of solution needed to fill the space under the F-cell liner is similar to that for the 
E-cell liner calculated previously. The estimate for E-cell was 60 gal; the interior shielding wall reduces 
this volume to 53 gal for F-cell. The volume of water added to the floor in 1981 was approximately 
1,250 gal (19 × 20 × 0.88 ft [shield wall displacement] × 0.5 [accounts for slope] = 167.2 ft3 and 
167.2 ft3 × 7.5 gal/ft3 = 1,254 gal). If 1,000 Ci of activity were dissolved in 1,250 gal of water, 53 gal 
(capacity under the F-cell liner) would contain approximately 43 Ci of Cs-137, only about ½ the activity 
calculated above from the model. The discrepancy can be resolved by assuming either (1) that the model 
value is too high (some activity attributed to the subliner space might originate from sources above the 
liner) or (2) that a substantial transfer of the liquid to the soil did occur (bringing more activity with it to 
deposit under the liner). Conservatively, we assume the second. Under the assumption that 1,250 gal of 
water was added, bringing the liquid level up to the level of the entry labyrinth, and that the hole was 
about 2 in. lower, ~220 gal of liquid could drain through the hole until the liquid level dropped to the 
level of the hole. Assuming, from above, that the liquid contained 0.8 Ci of Cs-137/gal, this would allow 
176 Ci of Cs-137 to enter the sub-labyrinth space. Because an estimated 80 Ci of Cs-137 remained under 
the liner, 96 Ci of Cs-137 was free to enter the soil. The calculation so far has been based on cesium 
gamma radiation; this amount must be slightly more than doubled to include the contribution from 
strontium, bringing the total potential release to 200 Ci. Based on the assumed concentration and the 
potential release, approximately 285 L of waste could have been released to the soil. 

The volume added in 1991 did not supply any further activity but might add to the volume of the 
release. Because there was no attempt to keep a mass balance on either the shielding water or the flush 
water, the volume lost to the soil is not known with certainty. The volume of shielding water available to 
enter the subliner space was estimated above as 220 gal. It is a reasonable estimate that the flush water in 
1991 was supplied by the garden hose at 1 gpm for a 90-min period and, again, all leaked to the soil. This 
would total 310 gal of liquid to the soil. 

5.7.1.4 Summary. Contaminated solution leaked to the floor of F-cell during operations in 1980 
and 1981. Later, efforts were made to shield workers by flooding the floor with water. The water carried 
some of the contaminated solution under the floor liner, creating a high radiation field around the sump at 
the low point of the floor. Some of this material might have leaked to the soil at the cold joints around the 
edges of the floor slab. 
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Later efforts to flush the contamination from under the liner might have forced additional solution 
into the soil by the same route. Conservative estimates place the volume of the leak at 310 gal and the 
radionuclides at 200 Ci (Cs-137 plus Sr-90). The activity released to the soil is summarized in Table 5-7. 

Table 5-7. Radionuclides of concern released at the CPP-123 site from the E-DOG off-gas scrubber. 

Radionuclide 

Radioactivity per L (Based on 
10% of Average Zircon-Clad 

Fuel Dissolver Product) 
(Ci/L) 

Radioactivity Released 
Assuming 285 L of Waste 

Released to the Soil (75 gal) 

Cs-137 0.35 100 Ci 

Sr-90 0.35 100 Ci 

H-3 1.41 × 10-3 a 0.4 Ci 

I-129 7.91 × 10-8 a <0.0001 Ci 

Tc-99 4.76 × 10-5 a 0.01 Ci 

Total 200 Ci 
    

a. Activity is based on the Cs-137-to-I-129, Cs-137-to-H-3, or Cs-137-to-Tc-99 ratio for 5-year-old fuel using the ORIGEN2 
(Croff 1980) computer simulation results for the radionuclide products and decay of a nuclear fuel. 

 

5.7.2 Cleanup 

There have been no cleanup efforts at the CPP-123 site under the concrete slab. Efforts to clean the 
area under the floor liner in 1991 succeeded in reducing the radiation fields in the hot area near the sump 
by a factor of nearly 17. The contamination flushed back into the cell was transferred to PEW. However, 
this cleanup effort might have flushed additional waste into the soil. 

5.7.3 Previous Investigations 

There have been no investigations at the CPP-123 site. 

5.7.4 Contamination Remaining at the CPP-123 Site 

5.7.4.1 Areal and Vertical Extent. The areal extent of the contamination is expected to be limited 
to the area directly below F-cell, approximately 19 × 20 ft. The vertical extent of contamination begins in 
compacted fill beneath the cell floor, 23 ft bgl, and continues down to the basalt surface at approximately 
52 ft bgl. 

5.7.4.2 Remaining Curies. The only removal of source material has been radioactive decay. The 
activity is dominated by Cs-137 and Sr-90 with half-lives of 28 years and 30 years, respectively; thus, 
approximately 70% of the originally released material would still be present. 

5.7.5 Uncertainties/Data Gaps 

There are major uncertainties associated with this site, but the volume released is relatively small. 
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6. SUMMARY 

The source terms for the eight past releases that have occurred within and under the FRC have 
been estimated in this report and are summarized in Table 6-1. The largest source volume was from the 
CPP-80 release at almost 400,000 L. This accounts for 91% of the total volume (440,000 L) from the 
eight known releases within and under the FRC. The highest activity source was from the CPP-123 
release at 200 Ci. This accounts for 57% of the total curies (349 Ci) from the eight known releases 
within and under the FRC. 

The source terms for these releases will be used to support the goal to initiate the DD&D of the 
FRC using the CERCLA process. The risk assessment for the non-time-critical removal action and 
engineering evaluation/cost analysis can be based on the conservative estimates contained in this report. 

This report summarized the radionuclides of concern for the tank farm but did not present details 
for other radionuclides, inorganics, and organics. Although these were most likely present in the waste 
stream, they are expected to pose little or no risk. 
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Table 6-1. Radionuclides of concern released at the eight sites. 

Activity of Contaminants (μCi/L) Curies Released 

Release Site 
Waste 

Source Term 
Volume 
Released Cs-137 Sr-90 H-3 I-129 Tc-99 Cs-137 Sr-90 H-3 I-129 Tc-99 Total 

CPP-80 
CPP-601 
vessel system 
off-gas 
condensate 

VT-300 off-gas 
condensate 

399,460 L 
(105,540 gal) 

1.33 × 10-1 1.33 × 10-1 1.33 1.33 × 10-4 1.33 × 10-3 5.29 × 10-2 5.29 × 10-2 5.29 × 10-1 5.29 × 10-5 5.29 × 10-4 0.635 

CPP-117 
Lab waste 
leakage 
through 
CPP-602 drain 
system 

CPP-602 
laboratory PEW 
waste 

5,170 L 
(1,366 gal) 

100 100 1 1.60 × 10-3 1.36 × 10-2 5.17 × 10-1 5.17 × 10-1 5.17 × 10-3 8.27 × 10-6 7.03 × 10-5 1.039 

CPP-118 
PEW waste 
accumulating 
in the 
WG/WH tank 
vault 

PEW solutions 757 L 
(200 gal) 

100 100 1 1.60 × 10-3 1.36 × 10-2 7.57 × 10-2 7.57 × 10-2 7.21 × 10-6 1.21 × 10-6 1.03 × 10-5 0.152 

CPP-119 
P-cell wall 
drain for 
second-cycle 
P-110 
condenser 

Second-cycle 
product 
evaporator 
condensate 

34,000 L 
(9,000 gal) 

1.19 × 10-4 8.47 × 10-5 2.55 × 10-7 2.73 × 10-5 2.73 × 10-4 4.05 × 10-6 2.88 × 10-6 8.66 × 10-9 9.30 × 10-7 9.29 × 10-6 1.716 × 10-5 

Dissolver product 10 L 
(5.3 gal) 

3.50 × 106 3.50 × 106 1.41 × 104 7.91 × 10-1 4.76 × 102 35 35 1.41 7.91 × 10-6 4.76 × 10-3 70.15 CPP-120 
CPP-601 west 
vent tunnel 
drains Decontamination 

liquid 
120 L 
(31.6 gal) 

3.50 × 104 3.50 × 104 1.41 × 102 7.91 × 10-3 4.76 4.2 4.2 1.69 × 10-2 9.49 × 10-7 5.71 × 10-4 8.42 

CPP-121 
M-cell floor 
liner 

Third-cycle 
product 

1 L 
(0.25 gal) 

1.00 × 10-1 1.00 × 10-1 —a —a —a 1.00 × 10-7 1.00 × 10-7 —a —a —a 2.00 × 10-7 

CPP-122 
E-cell floor 
liner pin holes 

Dissolver product 
solution 

11 L 
(3 gal) 

3.50 × 106 3.50 × 106 1.41 × 104 7.91 × 10-1 4.76 × 102 38.5 38.5 0.16 8.7 × 10-6 5.24 × 10-3 77.16 

CPP-123 
F-cell sump 

E-DOG scrubber 
solution 

285 L 
(75 gal) 

3.50 × 105 3.50 × 105 1.41 × 103 7.91× 10-2 4.76 × 10 100 100 4.00 × 10-1 1.00 × 10-4 1.00 × 10-2 200 

a. Not a contaminant in the source term for that site. 
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Appendix A 
 

Interoffice Memorandum on Radiological Source Term for the 
Contamination Sites CPP-80, CPP-119, and CPP-121 
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Appendix B 
 

Interoffice Memoranda on Chemical Composition of PEW 
Evaporator Feed Solutions and Evaporator Bottoms 
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